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CHAPTER I
INTRODUCTION
Soybean history
Soybean [Glycine max (L.) Merr] was domesticated in northeastern China during
the Shang dynasty, around 1100 BC (NC Soy 2014). Soybean was grown in Japan and
several other Asian countries by the first century AD. In 1765, soybean was first
introduced into Savannah, Georgia, which was the first documentation of the legume in
North America (Hymowitz and Harlan 1983). Soybean was not widely distributed until
1851, when it was introduced into the Corn Belt which includes Illinois, Indiana, Iowa,
Kansas, Missouri, and Nebraska. Beginning in the 1870s, soybean was grown as a forage
crop to feed cattle (NC Soy 2014). In addition to serving as an important food source for
livestock, soybean can also be used to produce goods such as soy ink, plastic foam for
insulation, biofuels, insecticides, and plastics (Hartman et al. 1999). Soybean also plays a
major part in human diets. George Washington Carver began studying soybean at the
Tuskegee Institute, and in 1904, discovered that soybean could be used as a source of oil
and protein (US Soy 2006). The oil extracted from the soybean is utilized to produce
margarine, cooking oil and shortening (Hartman et al 1999). Soy, as a milk substitute, is
available for those that are lactose intolerant (Hungaria et al. 2005). Soybean is also a
source of fiber, fat and micronutrients (Messina 1999). Plastic manufactured from soy
was used by Henry Ford in the bodywork of his automobiles (NC Soy 2014). In 1929,
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the U.S. was producing approximately 245 million kilograms (kg) of soybeans. Due to
the need for oil during World War II, production increased to approximately 2 billion kg
in 1940. At the end of the war, the need for oil decreased, but soybean production still
prospered, because soybean meal was an affordable protein source for livestock and the
demand for meat increased (NC Soy 2014; US Soy 2006). Throughout the 1980 and
1990s, U.S. soybean production went through a major geographical change. There was
an expansion North and West as new varieties, requiring less growing time as well as
being better suited for drier conditions were developed due to the decline of soybean
production in the south (US Soy 2006).
Soybean is in the legume family, Fabaceae, which is known to have a symbiotic
relationship with nitrogen-fixing bacteria (Zahran 1999). The symbiotic relationship
between the plant and specific species of Bradyrhizobium and Rhizobium form nodules
on the roots. When there is an absence of abiotic stress, the symbiotic relationship
between the soybean plant and the bacteria results in the conversion of nitrogen gas (N2)
to ammonia (NH3) in the soil (Zahran 1999). Supplemental nitrogen fertilizers can be
added to help reduce potential deficiencies. However, in most cases, additional nitrogen
does not increase plant health or yield. With this benefit of NH3 production in the soil,
growers can preserve this resource by planting soybean and utilizing them in
intercropping systems (Salvagiotti et al. 2008). However, intercropping systems with
soybean are not generally used in the southern U.S.
Agronomic practices such as improved soybean cultivars and integrated pest
management have influenced soybean cultivation practices, as well as expanded the
growing region previously mentioned (US Soy 2006). Soybean was one of the first crops
2

to be bioengineered (ERS, USDA 2012). Biotechnology facilitated researchers in the
identification and modification of genes that influence yield, disease resistance, various
other traits (Hartman et al. 1999). In the 1990s, soybean was improved through genetic
engineering to withstand select over-the-top-herbicide products (NC Soy 2014). The first
herbicide-tolerant soybean cultivars released were sulfonylurea-tolerant, Roundup
Ready®, and LibertyLink® soon followed (Carpenter 1999). Roundup Ready soybean
quickly became the most popular technology due to the insensitivity to glyphosate
(Roundup®) in the reproductive growth stages without causing damage to the crop. Prior
to this technology, growers applied glyphosate (Roundup®) preceding soybean
emergence or post-harvest coupled with cultivation for weed control (Carpenter 1999;
Sharma-Poudyal et al. 2017). The availability and ease of a post-emergence herbicide
influenced the adaptation to conservation tillage, such as no-till (Benbrook 2016;
Carpenter 1999). By using the no-till practice, seed are planted directly into plant residue
in order to reduce soil disturbance. No-till, or direct seeding, was not only influenced by
herbicide-tolerant crops, but also the decrease of soil erosion, and resources as well as
increased organic matter. However, Wesley et al. (2001) reported, whether crop rotation
or monoculture, fall deep tillage can actually increase yield of soybean grown in clay
soils. A negative attribute of the no-till system is that pathogenic fungi have the
opportunity to overwinter in crop residue (Sharma-Poudyal et al. 2017). Crop rotation
with a non-host can aid in limiting pathogen inoculum, and soybean is most commonly
rotated with corn in the U.S. Double-cropping refers to soybean growers following with
winter wheat, therefore getting two crops from the same field. Which can be a beneficial
practice since winter wheat has the potential to reduce erosion and weeds as well as the
3

economic benefit. However; some pathogens have the capability to survive on crop
residue or in the soil for several years (ERS, USDA 2012; Ranzi et al. 2017; SharmaPoudyal et al. 2017).
Soybean diseases
In soybean production, there are 34 fungal pathogens in North America
(Schneider et al. 2005; Yang and Feng 2001). Economic losses due to soybean diseases
can heavily impact rural communities as well as industries within urban areas.
Researchers and scientists invest time and resources into managing yield-suppressing
diseases. In 1974, the Southern Soybean Disease Workers (SSDW) began estimating
yield losses as a result of soybean diseases in 16 southern soybean producing states (AL,
AR, DE, FL, GA, KY, LA, MD, MO, MS, NC, OK, SC, TN, TX, and VA) (Wrather and
Koenning 2009). Members of the SSDW estimated soybean yield losses of greater than
2.9 million metric tons to disease in 2018. In 2018, Mississippi suffered estimated yield
losses of greater than 409,000 metric tons of soybean (Allen et al. 2019). In general, the
diseases considered by the SSDW are broken down into specific diseases of interest and
can easily be grouped into categories such as: nematode-associated diseases, root
diseases, foliar diseases, seedling, and seed diseases. For the 2017 growing season,
estimates suggest that nematode and root diseases cause the largest yield losses, causing
41.3% and 24.8% of the total loss, respectively (Allen et al. 2018). However, nematode
and seed diseases were the most severe in 2018 (Allen et al. 2019).
Several fungal stem and root diseases occur in the Mississippi soybean production
system including: charcoal rot (Macrophomina phaseolina (Tassi) Goidanich),
Phytophthora root rot (Phytophthora sojae Kauf. & Gerd), red crown rot
4

(Cylindrocladium crotalariae (Loos) D. K. Bell & Sobers), southern blight (Sclerotium
rolfsii Sacc.), stem canker (Diaporthe aspalathi E. Jansen, Castl. & Crous), and sudden
death syndrome (Fusarium virguliforme O’Donnell & T. Aoki) (Allen et al. 2017). The
most severe of these root and stem diseases in Mississippi for the 2018 growing season
were charcoal rot, Phytophthora root rot, and southern blight (Allen et al. 2019). All of
these diseases can produce similar foliar symptoms most often described as interveinal
chlorosis and subsequent necrosis. In some cases, determining the specific disease
infecting a few plants or a field of soybean is important to develop a disease management
strategy. Environmental conditions or host growth stage can aid in determining the
causal agent. However, finding evidence of the pathogen is the only way to properly
diagnose the disease in the field, as stressful field conditions often cause abiotic disorders
(Hartman et al. 1999).
Charcoal rot (CR) is typically observed in moisture and nutrient-depleted soils.
Symptoms associated with CR include chlorotic to necrotic leaves that wilt, but do not
detach from the petiole. Signs of M. phaseolina appear as a silvery discoloration at the
base of the stem extending down to the taproot that typically consists of black
microsclerotia which can also be observed in the pith (Hartman et al. 1999).
Phytophthora root rot (PRR) is most severe in poorly drained, clay soils; however,
can still thrive in lighter, well-drained soils if saturated for an extended period of time. In
addition, the specific conditions required for PRR to develop generally require a
tremendous amount of moisture and hot, humid, sunny weather. In mature soybean
plants, PRR symptoms are exhibited as water-soaked stem lesions, interveinal chlorosis
in the upper canopy with subsequent wilt and plant death, leaves remain attached post5

necrosis. The pathogen can be isolated from the rotted taproot by collection and plating
sporangia containing zoospores (Hartman et al. 1999).
Red crown rot (RCR) is prevalent in warm, tropical regions. Symptoms of RCR
first appear during pod initiation (R3) as small, chlorotic lesions on the upper leaves that
expand and become necrotic with leaf abscission. Observing reddish-orange perithecia
on soybean stems as well as vascular discoloration are signs of C. crotalariae (Hartman
et al. 1999).
Southern blight (SB) is observed in warm, humid environmental conditions
during pod emergence (R3) to pod fill (R6). Light brown lesions form at or just below
the soil surface, expand, and girdle the stem. Foliar symptoms include chlorosis,
necrosis, and wilting with leaves remaining attached to petioles. A matte of white
mycelium speckled with tan sclerotia at the base of the stem will be observed if the
environment remains conducive for the production of the fungal reproductive structures
of S. rolfsii (Hartman et al. 1999).
Stem canker (SC) symptoms are observed in reproductive stages even though
infection occurs during the vegetative stages after extended periods of rainfall. Reddishbrown lesions, or cankers, can be observed beginning on the lower stem that expand, but
do not girdle. Sexual structures produced by D. aspalathi, perithecia and pycnidia, can
occasionally be observed in the cankers. Foliar symptoms associated with SC include
interveinal chlorosis, necrosis, and leaves remain attached to the plant (Hartman et al.
1999).
Sudden death syndrome (SDS) is most often observed during early reproductive
growth stages of soybeans that were planted into cool, wet field conditions. Foliar
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symptoms associated with SDS are described as interveinal chlorotic spots that enlarge
and coalesce before subsequently progressing into necrosis, as well as leaf abscission.
Infected soybean plants will have reduced and discolored root systems. Signs of F.
virguliforme infection can be observed on and within the taproot including brown xylem
with masses of blue macroconidia and greyish mycelium (Hartman et al. 1999).
A newly characterized root disease of soybean, taproot decline (TRD), has been
observed in similar environmental growth conditions as sudden death syndrome. Taproot
decline was initially observed in Mississippi prior to 2007 by several consultants who
noticed plants exhibiting interveinal chlorosis and necrosis. When examined, the
soybean plants would break off at the soil line which is a symptom that is not associated
with any other root and stem disease. Initially, this malady was referred to as the
“mystery disease” and reports suggested the disease may have been observed in
neighboring states during the same time period. The mystery disease began garnering
attention from pathologist which led to the casual organism being positively identified in
2014. Gene sequencing and successful completion of Koch’s postulates aided in the
determination that the causal agent was an undescribed species within the genus Xylaria
(Allen at al. 2017).
The genus Xylaria
Ascomycetes are typically known as ‘sac fungi’ due to the production of asci,
which contain four to eight ascospores, in ascomata. Xylariaceae is a large and
cosmopolitan family within the Ascomycota (Hseih et al. 2009; Stadler et al. 2013).
There are over 1,300 species described within the Xylariaceae with the majority being
described as wood-decomposers though some have been described as endophytes or even
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associated with termite colonies. The greatest diversity among species within other
genera as well as Xylaria is observed in tropical regions; however, even in temperate
climates, new species are continuously identified (Stadler et al. 2013). Xylaria Hill:
Schrank is a large and ubiquitous genus of soilborne fungi within the family Xylariaceae.
Xylaria sp. are difficult to classify due to morphological diversity causing a lack of
clarity to the actual number of species that reside within the genus Xylaria. Even though
Cline et al. (2018) have documented just over 50 species of Xylaria sp. Most species of
Xylaria produce stroma, a cushion-like mass of vegetative hyphae, as well as stromata,
reproductive structures, which are elongated, erect, that encompasses a large range of
shapes, sizes, and colors. Perithecium bearing ascospores are embedded into the
stromata of most species of Xylaria. These fungi are historically known for actively
decaying angiosperms; however, there are reports of species of Xylaria causing diseases
of plants (Lee at al. 2000).
Although somewhat rare, several diseases are caused by or associated with the
soilborne members of the genus Xylaria. Recently, Xylaria karyophthora Husband,
Urbina, & Aime, was identified as a pathogen of Greenheart (Chlorocardium sp.), a nondeciduous broadleaf tree found almost exclusively in Guyana. Xylaria karyophthora
colonizes and produces stromata on Chlorocardium sp. seeds that reside on the forest
floor (Husbands et al. 2018). Xylaria arbuscular Sacc. has been associated with quick
decline of macadamia trees (Macadamia intergrifolia Maiden & Betche) documented in
Hawaii (Ko and Kunimoto 1991). Even though X. arbuscula has been observed on dead
host tissue, it has not been determined to be the primary causal agent (Keith and
Sugiyama 2009). The fungal pathogen causing black root rot of apple (Malus pumilia
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Miller) was first identified in 1924 as Xylaria mali Fromme (Smith 1973). Black root rot
of apple results in the breakdown of the root system, causing aboveground symptoms
such as reduced canopy density, fruit size, and dead branches (U of MN). Xylaria mali
parasitizes apple for approximately 10 years before the tree trunk breaks off at the soil
line similar to soybean affected with TRD (Allen et al. 2017; Cooley 1942).
Taproot decline of soybean
Mengistu and Sinclair (1979) first reported the isolation of Xylaria sp. from
soybean seed from Ethiopia in 1973; however, there was no documentation of disease or
pathogenicity. At present, it is believed that this may either be a newly described species
within the genus or it is possible that multiple species are responsible for TRD as isolates
from different geographic locations appear different in culture. In culture, Xylaria sp.
begins as uniform white mycelial colonies, but become pigmented within 14 to 21 days
of growth. During culture maturation, black stroma can be observed on the reverse side
of the culture. The branched stromata, or “deadman’s fingers,” have also been observed
in axenic culture. Stromata produced by species within the genus Xylaria are typically
embedded with perithecium, though none have been found associated with the TRD
pathogen. Conidia have been observed and characterized in mature cultures (Allen et al.
2017).
Symptoms of TRD can be observed as early as V3/V4, which are vegetative
growth stages characterized by either three (V3) or four (V4) trifoliate leaves, and appear
as mild chlorosis on leaves in the lower-to-middle canopy. As the plant matures into the
reproductive stages, the disease progresses into severe interveinal chlorosis and necrosis,
leaf abscission, and overall wilting may occur. One specific diagnostic feature associated
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with TRD is the ease at which the plant will break off at the soil line due to the degraded
taproot. In order to observe the taproot, plants exhibiting the interveinal chlorosis and
onset of necrosis beginning in the lower canopy should be gently removed from the soil.
The presence of stroma on the taproot and/or lateral roots is an indicator of colonization
by Xylaria sp. Stromata have been observed growing on soybean residue from the
previous growing season immediately adjacent to plants exhibiting symptoms associated
with TRD and in fields with a history of the disease. Even though the specific life cycle
of this particular disease has not been characterized, stroma is believed to serve as an
over-wintering structure and the primary inoculum source for the next season as observed
with other parasitic fungi such as species of Cercospora. The distribution of TRD in the
field is usually random, localized areas of a few symptomatic plants typically occurring
several meters within a row. A common observation is to find a few dead plants within
groups of symptomatic plants which are typically hidden beneath the surrounding
soybean canopy. In severe cases, there can be a more widespread distribution of
symptomatic soybean plants. Taproot decline has been observed to result in yield losses
of up to 30% (Bailey et al. 2018, personal communication). In 2018, TRD caused a yield
loss of up to 7,300 metric tons in Mississippi, and a total of greater than 54,000 metric
tons in the Mid-south (Allen et al. 2019).
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CHAPTER II
CHARACTERIZING XYLARIA SP. ISOLATES FROM MISSISSIPPI SOYBEAN
Abstract
Taproot decline (TRD) is an emerging root disease of soybean caused by an
undescribed species of Xylaria. The distribution of Xylaria sp. in Mississippi (MS) was
identified and a series of studies were completed to evaluate the optimal growth
temperature, pathogenicity, alternative host range, in vitro pathogenicity, and fungicide
sensitivity of Xylaria sp. isolates. To date, TRD has been confirmed in 73 of 82 MS
counties. Twenty-four Xylaria sp. isolates from the 2016 MS TRD survey were selected
to characterize optimal growth temperature and pathogenicity. Optimal growth
temperature was defined through in vitro incubation of Xylaria isolates and the mean
optimal growth temperature of the 24 selected Xylaria sp. isolates was determined to be
26.7°C. A greenhouse study was conducted to assess the pathogenicity of the 24 selected
Xylaria sp. isolates on a known susceptible soybean cultivar, Asgrow 4632. All 24
Xylaria sp. isolates were pathogenic to soybean; however, differences occurred among
isolates in terms of virulence. Five Xylaria sp. isolates previously selected were included
to evaluate host range in corn, cotton, rice, peanut, sorghum, and wheat. At 10 weeks,
experiments were destructively sampled. Xylaria sp. isolates produced stroma on the root
systems of all alternative hosts. Corn and wheat had low disease incidence (≤ 50%);
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however, sorghum and peanut had incidence of 85.9% and were similar to soybean.
Roots of corn, cotton, and rice had a mean stroma colonization ≤ 10% while colonization
on sorghum, peanut, and soybean was ≥ 10%. Corn, cotton, and soybean were evaluated
in vitro with the same five Xylaria sp. isolates. Five hyphal plugs of each isolate were
transferred to water agar and incubated prior to the addition of surface-disinfested host
seed and incubated an additional five days. The Xylaria sp. isolates colonized seed of
corn, cotton, and soybean but only reduced seed germination of soybean. Fungicide
sensitivity was evaluated by exposing three of the selected Xylaria sp. isolates to
concentrations up to 100 ppm of technical grade thiophanate-methyl, pyraclostion +
salicylhydroxamic acid, fluxapyroxad, flutriafol, and prothioconazole in amended potato
dextrose agar. The effective concentration of each fungicide at which 50% of colony
growth was inhibited (EC50) was used to characterize sensitivity of Xylaria sp. isolates.
Of the five fungicides, Xylaria sp. isolates were only sensitive thiophanate-methyl. The
results of this study indicate Xylaria sp. isolates collected throughout MS are pathogenic
to soybean but can also colonize roots of other rotational crops. The optimal temperature
of Xylaria sp. is similar to that which soybean seed germinate in the field indicating
Xylaria may actively infect during the germination process. Based on the in vitro study,
seed rot and pre-emerging damping off is possible. To protect seed, in-furrow or seed
treatments may be an option; however, based on results of the fungicide evaluations,
Xylaria sp. was insensitive to 4 of the 5 evaluated fungicides.
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Introduction
There are 34 economically important fungal pathogens reported to infect soybean
in North America (Schneider et al. 2005; Yang and Feng 2001). In 2017, nematode and
root diseases cause the greatest yield losses, causing 41.3% and 24.8% of the total loss
respectively (Allen et al. 2018). However, nematode and seed diseases were the most
severe in 2018 (Allen et al. 2019). Several fungal stem and root diseases occur in the
Mississippi soybean production system including: charcoal rot (M. phaseolina (Tassi)
Goid.), Phytophthora root rot (P. sojae Kauf. & Gerd), red crown rot (C.crotalariae
(Loos) D. K. Bell & Sobers), southern blight (S. rolfsii Sacc.), stem canker (D. aspalathi
E. Jansen, Castl. & Crous), and sudden death syndrome (F. virguliforme O’Donnell & T.
Aoki) (Allen et al. 2017). The most severe of the root and stem diseases in Mississippi
for the 2018 growing season were charcoal rot, Phytophthora root rot, and southern blight
(Allen et al. 2019). To add to these economically important fungal pathogens, a
previously unreported Xylaria is undergoing characterization as the causal agent of a
novel soybean disease, taproot decline (Allen et al. 2017). Xylaria is a genus within the
family Xylariaceae, which is historically known for actively decaying angiosperms (Lee
at al. 2000). Therefore it is uncommon for species belonging to the genus Xylaria to
parasitize plants; however, several species of Xylaria have been reported causing disease
(Lee at al. 2000). Xylaria karyophthora Husband, Urbina, & Aime, was identified
causing seed rot of Greenheart (Chlorocardium sp.), a non-deciduous broadleaf tree
found almost exclusively in Guyana (Husbands et al. 2018). Xylaria arbuscular Sacc.
has been associated with quick decline of macadamia trees (Macadamia intergrifolia
Maiden & Betche) though it has not been determined to be the primary causal agent
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(Keith and Sugiyama 2009). Xylaria mali Fromme causes black root rot of apple
resulting in the breakdown of the root system, causing aboveground symptoms such as
reduced canopy density, fruit size, and dead branches (U of MN). Xylaria mali
parasitizes apple for approximately 10 years before the tree trunk breaks off at the soil
line similar to soybean affected with TRD (Allen et al. 2017; Cooley 1942).
Taproot decline (TRD) is an emerging soybean disease that was first observed in
Mississippi and likely Arkansas prior to 2007. Taproot decline causes the breakdown of
the taproot, leaving it dry and brittle. An indicative characteristic of this disease is the
taproot breaking, generally immediately below the soil surface if one attempts to pull the
plant up. Xylaria sp. colonizes the root system in the form of white mycelium and black
stroma, a cushion-like mass of mycelia. Stromata have been observed growing on the
previous year’s soybean debris. Stromata have been previously reported to serve as an
overwintering structure for members of the genus Xylaria, such as the causal agent of
black root rot of apple (Smith 1973). Foliar symptoms can appear in the vegetative
growth stages as a mild chlorosis. However, plants exhibiting the mild interveinal
chlorosis may be obscured in the lower to middle canopy. As the plant matures into the
reproductive stages, typically beyond beginning seed (R5), symptoms progress into
severe interveinal chlorosis with the formation of necrotic spots that subsequently
progress into leaf blighting. In severe situations where leaf abscission and plant death are
observed, there can be yield loss of up to 30% (Bailey 2018). In 2018, TRD was
established to result yield losses of up to 7,300 metric tons in Mississippi, and a total of
greater than 54,000 metric tons in the Mid-south (Allen et al. 2019).
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The specific objectives of this research were to characterize TRD and the
pathogen, Xylaria sp. in soybean. In order to accomplish this goal a series of studies
were conducted to include: (i) the distribution of taproot decline in Mississippi, (ii)
optimal growth temperature, (iii) pathogenicity and virulence of Xylaria isolates, (iv) host
range, (v) in vitro pathogenicity, and (vi) fungicide sensitivity assays.

Materials and Methods
Microbiological growth media
A couple of different growth media were used for the purpose of fungal isolation
as well as production of fungi for the purposes of in vitro investigations of Xylaria sp.
Potato dextrose agar (PDA) was produced by placing 39 g of Difco™ potato dextrose
agar (Difco Labratories, Sparks, MD) into 1 liter of distilled water and autoclaved
(121°C, 17 psi) on slow exhaust for 25 min. Once the sterilize cycle was complete, the
media was transferred to a water bath (46°C) in order to cool prior to pouring. Once
cooled, 0.025 g of rifampicin was dissolved in 10 ml of ethanol and 8 µl of the insecticide
Fenpropathrin as Danitol (Valent U.S.A, Walnut Creek, CA) per 1 liter of PDA was
added to prevent contamination by bacteria or mites. Petri dishes (9 cm) subsequently
received approximately 15 ml of molten PDA. Plates were allowed to solidify in the
biosafety cabinet (Labconco, Kansas City, MO) prior to being stored in plastic sleeves on
the lab bench at ambient laboratory conditions. Water agar (WA) was additionally used
for fungal culturing, because it lacks carbohydrates. Media preparation was similar to
PDA except 15 g of Bacto™ Agar (Difco Laboratories, Sparks, MD) was added to 1 liter
of distilled water and sterilized as outlined above.
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Distribution of TRD in Mississippi
Taproot decline-infected plant sampling
Soybean plants exhibiting foliar symptoms of TRD such as interveinal chlorosis
were collected from fields throughout Mississippi. Affected plants, approximately 8
from each location, were carefully removed from the soil so that the taproot remained
intact. Plant samples were stored in paper bags at 4°C until roots were cultured. Bags
were labeled with the county and coordinates for each collection site.
Isolation of Xylaria sp.
The entire soybean root system of TRD-affected plants was removed from the
stem, and soil removed by rinsing in a 2.5% sodium hexametachloride (The Chemistry
Store, St. Cayce, SC) solution for 5 min in a 1.5 liter plastic beaker. Surface
disinfestation was completed by rinsing for 5 min in a 0.825% sodium hypochlorite (The
Clorox Company, Oakland, CA) solution with a drop of 70% ethanol to reduce surface
tension and rinsed three times with sterile distilled water (sd-H20) for 5 min each. The
roots were laid on a paper towel and dried in a drying oven at 24°C for 3 h. Once the
roots were dry, stroma was scraped from the outer surface of the taproot with a sterile
blade and plated onto WA. Plates were incubated on the lab bench under ambient
laboratory conditions (24°C and 24-h light) for 7 days and observed for the presence of
fungal growth. Hyphal tips from colonies exhibiting the common growth characteristics
associated with Xylaria consisting of uniform, radial, white mycelia, were transferred to
PDA after incubation on the benchtop under continuous fluorescent lighting at 24°C.
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Confirmation of Xylaria sp.
Fresh mycelia of a seven to ten-day-old Xylaria sp. culture was used as the source
for genomic DNA extraction. The Norgen Biotek (Norgen Biotek Corp. Thorold, ON)
DNA extraction kit for fungi and yeast was utilized per the manufacturer’s instructions.
Following the extraction process, the DNA concentration and purity of each fungal
isolate was determined using a Nano Drop spectrophotometer (Cole-Parmer Instrument
Company, LLC, Vernon Hills, IL). Polymerase chain reaction (PCR) was conducted
using ITS4 and ITS5 primers to amplify the internal transcribed spacer (ITS) gene region.
Thermal cycling parameters included: (i) denaturation at 95°C for two min, (ii) 35 cycles
of 95°C for 30 s, (iii) annealing at 55°C for 35 s, (iv) extension at 72°C for one min, (v)
and a final extension at 72°C for 10 min (White et al.1990). Confirmation of the ITS
amplicon was viewed via-electrophoresis on a 1.5% agarose gel. The PCR product was
sent to Eurofins Genomics, Louisville, KY for sequencing. Resultant ITS sequences
were trimmed, concatenated, and uploaded into the National Center for Biotechnology
Information/BLAST and compared to their database of ITS sequences. The sequences
from Xylaria sp. isolates were 99% similar to a MS isolate previously submitted to
GenBank (Accession No. KY433853).
Inoculum production
For the purposes of inoculum production, two kilograms of corn cob grit (CCG;
The Anderson’s, Maumee, OH) was mixed with 1 liter of sd-H20 contained in a metal
pan (33 × 53 cm). The CCG and water mixture was soaked for 1 h before placement into
an autoclave bag (61 × 76 cm) for sterilization. Two successive 60 min sterilizations in
an autoclave (121°C; 17 psi) on fast exhaust were used for sterilizing the CCG prior to
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infesting with Xylaria sp. isolates. Aliquots of 100 cm3 of sterile CCG were placed in
sterile 600 ml beakers and each infested with a Xylaria sp. isolate. Isolates were grown
for seven to ten days on PDA before being sliced (9 cm) with a sterile blade and mixed
into the CCG. The Xylaria sp. isolates colonized the CCG in the dark at 24°C for 14
days. The CCG was allowed to dry in the biosafety cabinet on paper plates and
subsequently transferred to plastic freezer bags and stored at -20°C.
Soybean seed disinfestation
Non-treated Asgrow 4632 (Monsanto Company, St. Louis, MO) seed were placed
into a beaker and rinsed with 70% ethanol for 30 seconds followed by a one min rinse
with 0.825% sodium hypochlorite. Seed was subsequently rinsed three times with sdH20. The seed dried on sterilized filter paper in the biosafety cabinet and subsequently
stored in a plastic bag at 4°C for future use.
Optimal growth temperature
Twenty-four randomly selected Xylaria sp. isolates from the 2016 MS collection
were included to identify the optimal temperature for colony growth in axenic culture
(Table 2.1). Twelve Xylaria-infested CCG particles were transferred to PDA to include
two plates per isolate following incubation on the benchtop at 24°C. A 6 mm diameter
hyphal plug was removed from the margin of a seven day-old culture and placed
mycelium side down on PDA. Five temperature regimes were selected to determine
optimal colony growth and included 18, 22, 26, 30, and 34°C. These temperatures were
selected based on the optimal growth temperatures of other soilborne fungi. Xylaria sp.
isolates incubated at each temperature for 10 days in the dark and were replicated three
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times (Perry et al. 2010; Tomaso-Peterson and Trevathan 2007). The study was
organized in a randomized complete block (RCB) design, with each of the three
incubation chambers serving as a block. Following each incubation period, the diameter
of colony growth was measured (minus 6 mm hyphal plug) at two perpendicular points
for each Xylaria sp. isolate. The study was repeated twice.

Table 2.1

Twenty-four Xylaria sp. isolates collected from Mississippi counties that
were used in the soybean pathogenicity study.

Xylaria sp. isolates
Latitudea
Clay
33.652063
Covington
31.514660
Forrest
31.325130
Franklin
N/Ab
George 1
30.910210
George 2
30.875910
George 3
30.763940
Hinds
32.210490
Jackson
30.664890
Lafayette
34.173053
0
Lamar 1
31.388000
Lamar 2
N/A
Lee
34.168006
Leflore
33.744124
Monroe 1
33.770934
Monroe 2
33.683111
Noxubee
N/A
Panola
34.326836
Pearl River
30.839610
Perry
31.297280
Tallahatchie
33.949496
Yalobusha 1
34.169402
Yalobusha 2
34.138876
Yazoo
32.647800
a
Field coordinates referencing the location of isolate origin.
b
Field coordinates not available.
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Longitude
-88.621620
-89.530510
-89.179210
N/A
-88.572600
-88.669790
-88.596990
-90.478320
-88.411920
-89.501333
-89.539810
N/A
-88739052
-90.313346
-88.466259
-88.632492
N/A
-89.813160
-89.546330
-89.133470
-90.311269
-89.511800
-89.582948
-90.375860

Soybean pathogenicity study
The same 24 Xylaria sp. isolates previously used to characterize optimal
temperature along with a sterile control consisting of non-infested CCG was used to
conduct a greenhouse study. Miracle-Gro® (The Scotts Company LLC, Marysville, OH)
potting soil was used as the medium in which Asgrow 4632 soybean was planted in 10
cm clay pots. Xylaria sp. infested-CCG inoculum (1.25 g) of each isolate was evenly
distributed in a 3.5 cm by 5.0 cm furrow with five surface disinfested soybean seeds
placed in direct contact with Xylaria sp. inoculum. Non-inoculated corn cob grit was
used for the control. The experiment was arranged in a randomized complete block
design. Following germination, soybean plants were thinned to three plants per pot.
Each Xylaria sp. isolate was replicated three times with pot serving as a replicate and the
three plants per pot considered sub-samples. The first pathogenicity experiment was
initiated in November 2017 and repeated twice, concluding in February 2018. Each
experiment was terminated after 12 weeks. A 12-h photoperiod was supplemented with
Hortilux™ metal-halide lights (1,000 W; Eye Lighting International of North America,
Inc., Mentor, Ohio). The base temperature in the greenhouse was 24°C to maintain an
average soil temperature of 28°C. A modified foliar disease severity ranking, as
previously reported by Malvick and Bussey (2008), was recorded when taproot decline
symptoms were observed after 10 weeks. The visual disease severity ranking was based
on a scale of 1 to 6, where 1 = asymptomatic plant, 2 = mild chlorosis on lower leaves; 3
= progression of chlorosis and appearance of necrotic spots; 4 = expansion of necrosis
and “crinkling” of leaves; 5 = onset of wilt, leaf roll, and defoliation; and 6 = plant death.
(Fig. 2.1).
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The experimental units were destructively sampled after 12 weeks in the
greenhouse. Shoots were separated from the roots at the soil line, and placed into
individual labeled plastic bags. Plant material was stored at 4°C until analysis. Each
shoot was measured for plant height (cm) and fresh weight (g) was recorded before being
placed in a drying oven at 60°C for 48 h and subsequently weighed again. Soil was
removed from the root systems by rinsing in a 2.5% sodium hexametachloride (The
Chemistry Store, St. Cayce, SC) solution and subsequently rinsed with water three times,
5 min each, in a 1.5 liter plastic beaker. Root systems were then rated for disease
incidence and severity. A binary observation was made for incidence where: 0 = absence
of stroma and 1 = stroma colonization by Xylaria on the root system. Disease severity
was recorded based on a visual scale of 0 to 3 where: 0 = absence of stroma; 1 = stroma
colonization of 1 to 25% of the taproot; 2 = 26% to 75% stroma colonization; 3 =76% to
100% stroma colonization (Fig. 2.2). Virulence were assessed by isolate based on the
extent of foliar and taproot disease severity, and classified as weak, moderate, or high.
Subsequently, the root systems of soybean plants were analyzed for length (cm) and root
surface area (cm2) using WinRhizo (Regent Instruments Inc, Quebec, Canada). To
accommodate WinRhizo, secondary roots were removed from the taproot to
accommodate space on the scanner bed and ensure successful analysis (Fig. 2.3). Xylaria
sp. was re-isolated from the soybean taproots for confirmation using ITS sequencing
(White et al. 1990).
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Figure 2.1 Foliar disease severity resulting from taproot decline, caused by Xylaria sp.
The visual rating scale of 1 to 6 based on: 1 = asymptomatic plant, 2 = mild
chlorosis on lower leaves; 3 = progression of chlorosis and appearance of
interveinal chlorosis; 4 = expansion of necrosis and “crinkling” of leaves; 5 =
onset of wilt, leaf roll, and defoliation; and 6 = plant death.
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Figure 2.2 Taproot disease severity resulting from taproot decline, caused by Xylaria sp.
The visual rating scale of 0 (far left) to 3 (far right) is based on: 0 = taproot
without stroma colonization; 1 = 1 to 25% stroma colonization; 2 = 26% to
75% stroma colonization; 3 =76% to 100% stroma colonization. Note:
secondary roots were removed from taproots for WinRhizo analysis.
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Figure 2.3 Soybean root systems from the pathogenicity evaluations: Root system from
the non-inoculated check (left) and root system inoculated with Xylaria sp.
isolate, Monroe 1 (right).

Host range
Five Xylaria sp. isolates were included in this study to evaluate the host range
(Table 2.2). The hosts that were inoculated with Xylaria sp. included corn (Zea mays L.),
cotton (Gossypium hirsutum L.), peanut (Arachis hypogaea L.) rice (Oryza sativa L.),
sorghum (Sorghum bicolor L.), and wheat (Triticum aestivum L.) in the greenhouse. In
addition, live oak (Quercus virginiana L.) and willow oak (Q. phellos L), were included
(Table 2.3). Hosts were chosen to represent row crops traditionally grown in the Midsouthern U.S. in areas adjacent to or in rotation with soybean. The oaks were included
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due to the history of Xylaria being associated with hardwoods. Soybean was included as
the standard host.
Planting of surface-disinfested seed and the inoculation method for this study was
carried out as previously described in the soybean pathogenicity study. Once seedlings of
each host emerged, pots were thinned to contain three plants each. Pots were arranged in
a RCB design with each Xylaria sp. isolate replicated five times per host and the three
plants served as sub-samples (Fig. 2.4). The first host range experiment was initiated in
May 2018 and repeated twice, concluding in September 2018. Greenhouse conditions
were maintained as previously described in the pathogenicity study. The experimental
units were destructively sampled after 10 weeks in the greenhouse. Shoots were
separated from the roots at the soil line and placed into paper bags while roots were
placed into plastic bags. Plant material was stored at 4°C until they were analyzed. The
shoots were measured for height (cm) and fresh and dry weights (g). Soil was removed
from the root systems as previously described and the roots were air dried for
approximately one hour prior to assessments. The root disease incidence assessment was
as previously described in the pathogenicity study. Root disease severity was recorded
on a scale of 0 to 4 where: 0 = absence of stroma; 1 = 1 to 25% stroma colonization of
root system; 2 = 26 to 50% stroma colonization; 3 = 51 to 75% stroma colonization; 4 =
76 to 100% stroma colonization. Upon completion of root assessments, Xylaria sp. was
isolated and confirmed through ITS-sequencing as previously described.
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Table 2.2

The Xylaria sp. isolates and their origin in Mississippi included in the host
range study.

Xylaria sp. isolate
Latitudea
Covington
31.514660
George 3
30.763940
Lamar 1
31.388000
Leflore
33.744124
Tallahatchie
33.949496
a
Field coordinates referencing the location of isolate origin.

Table 2.3

Longitude
-89.530510
-88.596990
-89.539810
-90.313346
-90.311269

The hosts and cultivars of agronomic crops and two oak species selected for
the host range study.

Host
Corn
Cotton
Peanut
Rice
Sorghum
Wheat
Live oak
Willow oak
Soybean

Cultivar
Trucker’s favorite
Deltapine 1518 B2XF
Georgia-06G
Rex
Green greezer v
Pioneer 26R10
–
–
Asgrow 4632
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Figure 2.4 The agronomic and oak hosts inoculated with five Xylaria sp. isolates and
arranged in a randomized complete block on a bench in the greenhouse
located in Starkville, MS.

In vitro pathogenicity
Five Xylaria sp. isolates were included to inoculate corn, cotton, and soybean
seed to evaluate in vitro pathogenicity. For all isolates, five 6-mm hyphal plugs were
transferred from the margin of a seven-day-old colony and placed mycelium side down
around the margin of a 9 cm petri dish containing 15 ml of WA. The hyphal plugs were
incubated at 26°C for 5 days in the dark. Surface-disinfested seed of each host was
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placed on the edge of each five-day-old colony totaling five seeds per plate and returned
to incubation conditions for five additional days (Fig. 2.5). Each host by isolate was
replicated three times and the experiment was conducted three times. Following
incubation, the number of germinated seed as well as those colonized with Xylaria sp.
isolate colonies were recorded (Fig. 2.6). An evaluation scale, as described by Broders et
al. (2007), was modified for the in vitro pathogenicity experiment. Seed germination was
recorded as a percentage by dividing the number of germinated seeds over the total
number of seeds and multiplied by 100. The number of seed colonized by a Xylaria sp.
isolate was calculated as previously described for seed germination.
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Figure 2.5 Surface-disinfested soybean seed was placed at the margin of each Xylaria
sp. colony growing on water agar and incubated at 26°C for 5 days in the
dark.
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Figure 2.6 Non-inoculated cotton seed (left) and cotton seeds inoculated with Xylaria sp.
isolate, Lamar 1 (right) growing on water agar and incubated at 26°C for 5
days in the dark.

Fungicide assays
Three Xylaria sp. isolates, Covington, George 3, and Tallahatchie, were exposed
to five fungicides that are commercially available as in-furrow or seed treatments in MS
soybean production (Table 2.4). The technical-grade active ingredients (ai) included:
thiophanate-methyl (97%), pyraclostrobin (99.5%), fluxapyroxad (98.6%), flutriafol
(98.6%), and prothioconazole (99.5%). The pyraclostrobin assay included pyraclostrobin
alone and pyraclostrobin plus salicylhydroxamic acid (SHAM) as SHAM inhibits the
alternative oxidase pathway in which some fungi use in the presence of in vitro QoI
assays (Cruz Jimenez et al. 2018).
Each ai was dissolved in 1.0 ml acetone to produce a stock solution of 1×104
µg/ml (Liang et al. 2015). The stock solution was diluted to achieve the concentrations:
0.0001, 0.001, 0.01, 0.1, 1.0, 10.0, and 100.0 µg/ml. One milliliter of each respective ai
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concentration was added to 1.0 liter of cooled PDA. The non-amended control had 1.0
ml of acetone per liter of PDA.
A stock solution of SHAM was achieved by dissolving 0.3 g SHAM in 5.0 ml of a
1:1 methanol and acetone solution. One milliliter of 60.0 µg/ml SHAM was added to 1.0
liter of cooled PDA in addition to the respective concentrations of pyraclostrobin. The
non-amended control received 1.0 ml of the 1:1 methanol and acetone solution per 1.0
liter of PDA.
For all fungicide assays, 15.0 ml of fungicide-amended or non-amended PDA was
added to 9 cm petri plates. A 6 mm plug from the margin of an actively growing 7 dayold colony of each Xylaria sp. isolate was transferred mycelium side down to fungicideamended and non-amended PDA. Each ai concentration by Xylaria sp. isolate was
replicated three times and incubated at 26°C in the dark for 10 days and experiments
were repeated twice. Four radial colony measurements were recorded for each
experimental unit and 3 mm was subtracted for each radial measurement to exclude the
size of the initial plug.

Table 2.4

The active ingredients, chemical class, seed treatment trade name, and infield application type for fungicides included in this study.

Active ingredient
Fungicide class
Trade name
Field application
Thiophanate-methyl
MBCa
Topsin
In-furrow
Pyraclostrobin
QoI
Headline
In-furrow
Fluxapyroxad
SDHI
Sercadis
In-furrow
Flutriafol
DMI
Topguard Terra
In-furrow
Prothioconazole
DMI
EverGol Energy
Seed
a
Methyl benzimidazole carbamate (MBC); Quinone outside inhibitor (QoI); Succinatedehydrogenase inhibitor (SDHI); Demethylation inhibitor (DMI).
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Statistical analysis
Data for colony diameter growth, taproot disease severity, plant height, shoot
fresh and dry weights, fresh root weight, root length, total root surface area, seed
germination, fungal colonization, and EC50 values were subjected to an analysis of
variance using the general linear model (GLM) procedure in SAS 9.4 (SAS Institute,
Cary, NC). When significant (α=0.05), means were separated using Fisher’s protected
least significant difference test.
Optimal growth temperature was determined by subjecting the colony diameter
growth data to quadratic regression in SAS and the linear and quadratic terms were
plugged into the quadratic equation: x = (−1 × B1) / (2 × B2), where B1= linear term and
B2 = quadratic term (Tomaso-Peterson and Trevathan 2007; Tomaso-Peterson et al. 2016;
Perry et al. 2010).
Foliar disease severity evaluations were analyzed using the non-parametric oneway (NPAR1WAY) procedure with Kruskal-Wallis P > chi-square at P = 0.05. These
data presented herein was back-transformed and represents the rankings. The midpoints
of the percentage range for the taproot disease severity evaluations were used to analyze
taproot disease severity. The percentages were arcsine transformed then backtransformed for the data presentation. Foliar disease severity and taproot disease severity
data were subjected to Pearson’s correlation, when P ≤ 0.05, a correlation between foliar
disease severity and taproot disease severity was accepted.
Relative growth (RG) was calculated by taking the average of radial growth on
fungicide-amended PDA divided by the average radial growth of the non-amended
control and multiplied by 100. Percent RG for each Xylaria sp. isolate at all
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concentrations was subjected to PROC REG in SAS (Broders et al. 2007). The effective
concentration (EC50) the dose required to inhibit colony growth by 50%, was calculated
using the following equation (Young et al. 2010): fungicide 50% = ex [ (50 − b0 ) / b1 ]

Results
Distribution of TRD in Mississippi
Through the collection, isolation, and confirmation of Xylaria sp. isolates, the
current distribution of TRD in Mississippi has been characterized. To date, TRD has
been observed in 73 counties (Fig. 2.7). For the years 2017 and 2018 collectively, a total
41 samples from 36 Mississippi counties were collected and Xylaria sp. was isolated
(Table 2.5).
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Figure 2.7 The distribution of taproot decline of soybean in Mississippi.
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Table 2.5

Xylaria sp. isolates collected from Mississippi counties in 2017 and 2018.

Xylaria sp. isolates
2017
Adams
Alcorn
Amite
Attala
Benton
Calhoun
Chickasaw
Claiborne
Claiborne 2
Copiah
Desoto
Issaquena
Itawamba
Jefferson
Jones
Lawrence
Leake
Lincoln
Lincoln 2
Lowndes
Marion
Marshall
Montgomery
Newton
Oktibbeha
Pike
Pontotoc
Prentiss
Prentiss 2
Scott
Scott 2
Simpson
Walthall
Wilkinson
2018
Kemper
Lauderdale
Lauderdale 2
Leake
Wayne
Winston
a
b

Latitudea

Longitude

31.723909
34.776436
31.254594
32.955277
N/A
33.877080
33.875579
32.000074
N/A
32.027068
34.831289
N/Ab
34.450677
31.766106
31.483791
31.611670
32.624276
31.455137
31.448047
33.452148
31.338977
34.659371
33.489400
32.284889
33.513171
31.109484
34.206067
34.470717
34.535152
32.403978
32.400576
31.875647
31.040703
31.334756

-91.312743
-88.559361
-90.601651
-89.882880
N/A
-89.163197
-88.720115
-90.737164
N/A
-90.659663
-90.138324
N/A
-88.533430
-91.045356
-89.210233
-90.112145
-89.527513
-90.569099
-90.574049
-88.625278
-89.877083
-89.313028
-89.704240
-89.281139
-88.836807
-90.361954
-88.838457
-88.479831
-88.461586
-89.693939
-89.689784
-90.114246
-89.891971
-91.368151

32.926182
32.420618
32.423160
32.658041
31.827018
32.992063

-88.838589
-88.773258
-88.770781
-89.387216
-88.527295
-88.862339

Field coordinates referencing the location of isolate origin.
Field coordinates not available.
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Optimal growth temperature
With respect to the diameter of colony growth of Xylaria sp. isolates, the three
experiments were pooled as there was no significant isolate by experiment interaction;
however, the main effect, isolate, was significant (Table 2.6). Xylaria sp. isolate,
Yalobusha 2, had the greatest colony growth, or was the most aggressive, across all
temperatures; however, George 3, Lafayette, Pearl River, Perry, Yalobusha 1, and Yazoo
were similar. Forrest and Hinds isolates had significantly reduced colony growth and are
considered the least aggressive isolates (Table 2.7). Xylaria sp. isolates grew vigorously
at temperatures 22, 26, and 30°C, and growth was inhibited at temperatures 18 and 34°C
(Figs. A.1-A.24). The range of optimal colony growth for Xylaria sp. isolates is 25.3 to
28.0°C with a mean of 26.7°C (Table 2.7).

Table 2.6

Analysis of variance for optimal colony growth temperature of Xylaria sp.
from MS soybean.

Source
Experiment (EXP)
Isolate (ISO)
EXP*ISO

Degree of Freedom
2
23
46

39

F-value
5.08
8.93
1.15

P>F
0.0063
<0.0001
0.2305

Table 2.7

The colony diameter growth in axenic culture and the optimal growth
temperature of 24 selected Xylaria sp. isolates from MS counties incubated at
18, 22, 26, 30, and 34°C in a growth chamber for 10 days.

Xylaria sp. isolate
Colony diameter growth (mm) Optimal temperature (°C)
Clay
51.2 gha
25.4
Covington
59.7 cde
27.2
Forrest
44.9 i
26.5
Franklin
58.4 def
27.9
George 1
63.8 bcd
26.7
George 2
61.8 bcd
26.1
George 3
65.3 abc
26.4
Hinds
48.0 hi
25.8
Jackson
55.4 efg
26.7
Lafayette
64.8 abc
28.0
Lamar 1
59.6 cde
26.2
Lamar 2
52.9 fgh
25.3
Lee
55.6 efg
26.3
Leflore
62.3 bcd
26.6
Monroe 1
62.9 bcd
26.2
Monroe 2
62.8 bcd
25.8
Noxubee
53.6 fgh
25.5
Panola
63.8 bcd
27.3
Pearl River
64.7 abc
26.9
Perry
64.4 abc
27.4
Tallahatchie
63.3 bcd
27.6
Yalobusha 1
64.7 abc
26.3
Yalobusha 2
70.1 a
28.0
Yazoo
66.2 ab
27.7
LSD P=0.05
5.8
a
Means (n=90) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).

Soybean pathogenicity study
In general, foliar symptoms ranged from asymptomatic to stunted, defoliated, and
necrotic; however, the majority of the inoculated soybean plants exhibited interveinal
chlorosis with the development of necrotic spots. When analyzed, an isolate by
experiment interaction occurred (P=0.001); therefore, experiments are presented
separately.
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Experiment 1
The majority of soybean plants inoculated with Xylaria sp. were asymptomatic or
displayed symptoms of mild foliar chlorosis. Xylaria sp. isolates from Forrest, George 2,
and Monroe 2 did not induce symptoms of TRD. In fact, 67% of Xylaria sp. isolates had
no effect on soybean plants or induced only mild chlorosis on lower leaves. The
remaining soybean plants exhibited symptoms such as interveinal chlorosis with the
development of necrotic spots. The Covington, Lamar 1, and Panola isolates induced
foliar symptoms similar to Lafayette and Yazoo, but not to the same extent of interveinal
chlorosis, expansion of necrosis and leaf crinkling (Table 2.8; Fig. 2.8).
The roots of soybean plants inoculated with Xylaria sp. exhibited 4 to 42% stroma
colonization. Taproot disease severity was < 25% on the majority of inoculated soybean
plants. However, plants inoculated with Xylaria sp. isolates, Lafayette and Yazoo, had
significantly greater stroma colonization on the taproot (Table 2.8; Fig. 2.9). Covington,
Lamar 1, Leflore, Panola, and Yalobusha, Xylaria sp. isolates also produced stroma on
soybean roots similar to Lafayette and Yazoo isolates.
A positive correlation (coefficient = 0.55) between foliar and taproot disease
severity was significant (P < 0.0001). As taproot disease severity increased, foliar
disease severity also increased in soybean plants inoculated with Xylaria sp. isolates.
Soybean plants inoculated with Forrest and George 2 averaged 4% stroma colonization
on tap and secondary roots but did not induce foliar symptoms. Whereas taproot disease
severity for isolates Lafayette and Yazoo were 42 and 38%, respectively, inducing foliar
symptoms of chlorosis, necrosis, leaf crinkling, and defoliation. In Experiment 1, highly
virulent Xylaria sp. isolates originated from Covington, Lafayette, Lamar, Panola, and
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Yazoo counties. Only four isolates were considered moderately virulent while the
remaining 48% of Xylaria sp. isolates were assessed as a weakly virulent (Table 2.8).
The 24 Xylaria sp. isolates significantly affected soybean height and shoot fresh
weight (P = 0.01). No differences in shoot dry weight of soybean plants were observed
(P=0.10). Soybean height ranged from 18.6 to 25.3 cm and fresh weight was 4.4 to 10.9
g. Soybean plants inoculated with the Yazoo isolate had numerically the tallest plants but
similar to soybean plants inoculated with other Xylaria sp. isolates including the
Lafayette isolate (Table 2.9). The Lafayette and Panola inoculated soybean plants had
significantly lower shoot fresh weights compared to those with similar plant height. The
remaining soybean plants in the group had shoot fresh weights ranging from 6.7 to 10.2.
With respect to soybean root length (cm) and total root surface area (cm2), Xylaria sp.
isolates were similar (P=0.1849 and P=0.4778, respectively; Table A.1).
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Table 2.8

Experiment 1. The effect of Xylaria sp. isolates on foliar and taproot disease
severity and virulence assessment on soybean grown 12 weeks in the
greenhouse.

Foliar severity
Taproot disease
Xylaria sp. isolates
rankinga
severity (%)b
Virulencec
Clay
1.50 efgd
4 de
Weak
Covington
2.33 b-e
17 a-d
High
1414141414
Forrest
1.00 g
4 de
Weak
Franklin
1.33 fg
13 cde
Weak
George 1
1.50 efg
6 cde
Weak
George 2
1.00 g
4 de
Weak
George 3
1.33 fg
4 de
Weak
Hinds
1.67 d-g
6 cde
Weak
Jackson
1.67 d-g
8 cde
Weak
2.7 ab
Lafayette
3.17
42 a
High
Lamar 1
2.67 abc
27 abc
High
Lamar 2
1.67 d-g
15 bcd
Moderate
Lee
1.67 d-g
6 cde
Weak
Leflore
1.50 efg
17 a-d
Moderate
Monroe 1
1.50 efg
6 cde
Weak
Monroe 2
1.00 g
6 cde
Weak
Noxubee
1.50 efg
4 de
Weak
Panola
2.50 a-d
32 ab
High
Pearl River
1.33 fg
8 cde
Weak
Perry
2.00 c-f
8 cde
Weak
Tallahatchie
1.33 fg
8 cde
Weak
Yalobusha 1
2.00 c-f
21 a-d
Moderate
Yalobusha 2
1.60 d-g
15 bcd
Moderate
Yazoo
3.33 a
38 a
High
Checke
1.00 g
0e
LSD P=0.05
0.97
19
a
Foliar disease severity ranking based on the visual scale of 1 to 6: 1 = asymptomatic plant,
2 = mild chlorosis on lower leaves; 3 = progression of chlorosis and appearance of necrotic
spots; 4 = expansion of necrosis and “crinkling” of leaves; 5 = onset of wilt, leaf roll, and
defoliation; and 6 = plant death.
b
Taproot disease severity is based on percent stroma colonization on
the taproot and secondary roots.
c
Virulence assessment is based on the extent of foliar and taproot severity.
d
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
e
Non-treated check.
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Figure 2.8 Soybean plants inoculated with Xylaria sp. displaying interveinal chlorosis
and necrosis with some leaf crinkling and defoliation.
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Figure 2.9 Soybean root system of the non-inoculated (left) and inoculated with Xylaria
sp. isolate, Lafayette (right).
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Table 2.9

Experiment 1. The effect of Xylaria sp. isolates on soybean plant height and
shoot fresh and dry weights following 12 weeks in the greenhouse.

Xylaria sp. isolates
Height (cm) Shoot fresh weight (g) Shoot dry weight (g)
Clay
20.5 b-ha
7.7 b-e
1.8
Covington
21.5 b-h
7.9 bcd
2.2
1414141414
Forrest
20.6 b-h
9.3 a-d
2.6
Franklin
22.4 a-f
9.4 a-d
2.5
George 1
22.4 a-f
8.2 a-d
2.2
George 2
20.9 b-h
9.8 abc
2.5
George 3
23.6 ab
8.4 a-d
2.3
Hinds
20.0 c-h
7.2 c-f
2.0
Jackson
21.3 b-h
10.9 a
2.2
Lafayette
22.0 a-h
4.4 f
1.2
Lamar 1
22.9 a-d
6.7 def
1.7
Lamar 2
23.1 abc
10.2 ab
2.8
Lee
22.2 a-f
8.0 bcd
2.2
Leflore
21.6 b-h
8.8 a-d
2.2
Monroe 1
18.8 gh
7.3 ced
2.4
Monroe 2
19.3 efgh
8.4 a-d
2.2
Noxubee
19.2 fgh
7.5 b-e
1.8
Panola
22.1 a-g
6.6 def
2.2
Pearl River
19.0 fgh
8.1 a-d
2.1
Perry
18.6 h
7.5 b-e
2.2
Tallahatchie
20.5 b-h
7.9 bcd
2.1
Yalobusha 1
19.6 d-h
8.0 bcd
2.2
Yalobusha 2
22.7 a-e
8.9 a-d
2.3
Yazoo
25.3 a
4.9 ef
1.2
Checkc
19.9 c-h
9.3 a-d
2.4
LSD P=0.05
3.4
2.9
NSb
a
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Not significant.
c
Non-treated check.
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Experiment 2
The majority of soybean plants inoculated with Xylaria sp. isolates were
asymptomatic or displayed mild foliar chlorosis. The remaining soybean plants exhibited
interveinal chlorosis, necrotic spots, and crinkled leaves (Fig. 2.10). Xylaria sp. isolates
from Clay, Forrest, and Tallahatchie did not induce foliar symptoms of taproot decline.
In fact, 53% of Xylaria sp. isolates had no effect on soybean plants or induced only mild
chlorosis on the lower leaves. The Covington, Franklin, George 1, George 2, George 3,
Jackson, Lafayette, Lee, Leflore, Monroe 1, and Panola isolates induced foliar symptoms
similar to Lamar 1 and Lamar 2, but not to the same extent of interveinal chlorosis,
expansion of necrosis, crinkling of leaves, onset of wilt, leaf roll, and defoliation (Table
2.10).
The roots of soybean plants inoculated with isolates of Xylaria sp. exhibited 10 to
88% stroma colonization. Taproot disease severity was ≥ 25% in the majority of soybean
plants. However, plants inoculated with Xylaria sp. isolate, Monroe 1, had the greatest
stroma colonization on the taproot, but the Covington, Franklin, Lamar 1, Lamar 2, and
Leflore Xylaria sp. isolates also produced stroma on soybean roots similar to the Monroe
1 isolate (Table 2.10; Fig. 2.11).
A positive correlation (coefficient = 0.48) between foliar and taproot disease
severity was significant (P < 0.0001). Soybean plants inoculated with the Xylaria sp.
isolate Tallahatchie, averaged 13% stroma colonization on tap and lateral roots, but did
not induce foliar symptoms. Whereas taproot disease severity for isolates Lamar 1 and
Monroe 1 were 72 and 88% respectively, the resultant foliar symptoms of interveinal
chlorosis, expansion of necrotic spots, crinkling of leaves, onset of wilt, leaf roll, and
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defoliation were observed (Table 2.10). In experiment 2, the highly virulent Xylaria sp.
isolates originated from Covington, Lamar, Leflore, and Monroe counties. There were 15
isolates considered moderately virulent while the remaining four Xylaria sp. isolates
were assessed as weakly virulent (Table 2.10).
The 24 Xylaria sp. isolates significantly affected soybean height and fresh weight
(P = 0.002 and 0.02, respectively). No differences in foliar dry weight were observed (P
= 0.07). Soybean height ranged from 6.9 to 19.3 cm and fresh weight was 0.6 to 15.8 g.
Soybean plants inoculated with Xylaria sp. isolate, Lafayette, had numerically the tallest
plants (19.3 cm), but was similar with 38% of the other Xylaria sp. isolates with a height
range of 14 to 17.1 cm (Table 2.11). Isolates Lafayette and George 2 had significantly
greater fresh weight when compared to inoculated plants with similar heights. The
Monroe 1 isolate had numerically the lowest height and fresh weight although several
other isolates were similar (Table 2.11). No differences were noted among soybean
plants inoculated with Xylaria sp. isolates when considering root length (cm) and total
root surface area (cm2) (Table A.2).
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Figure 2.10 Soybean plants inoculated with Xylaria sp. displaying interveinal chlorosis,
necrotic spots, and crinkled leaves.
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Table 2.10 Experiment 2. The effect of Xylaria sp. isolates on foliar and taproot disease
severity and virulence assessment on soybean grown 12 weeks in the
greenhouse.
Foliar severity
Taproot disease
Xylaria sp. isolates
rankinga
severity (%)b
Virulencec
Clay
1.44 fghd
21 e-h
Moderate
Covington
3.83 abc
65 abc
High
1414141414
Forrest
1.11 h
29 e-h
Moderate
Franklin
3.22 a-g
55 a-e
Moderate
George 1
3.56 a-d
39 c-h
Moderate
George 2
2.33 a-g
32 c-h
Moderate
George 3
3.00 a-g
46 b-g
Moderate
Hinds
1.71 d-h
22 fgh
Moderate
Jackson
3.00 a-g
45 b-g
Moderate
Lafayette
2.50 a-h
32 c-h
Moderate
Lamar 1
4.14 a
72 ab
High
Lamar 2
4.17 a
61 a-d
High
Lee
3.38 a-e
31 c-h
Moderate
Leflore
3.30 a-f
73 ab
High
Monroe 1
4.00 ab
88 a
High
Monroe 2
1.50 fgh
16 ghi
Weak
Noxubee
1.67 e-h
31 c-h
Moderate
Panola
3.00 a-g
32 c-h
Moderate
Pearl River
2.22 b-g
20 fgh
Moderate
Perry
2.00 c-h
13 ghi
Weak
Tallahatchie
1.00 h
13 ghi
Weak
Yalobusha 1
2.20 b-g
50 b-f
Moderate
Yalobusha 2
1.40 gh
10 hi
Weak
Yazoo
1.83 d-h
31 c-h
Moderate
Checke
1.00 h
0i
LSD P=0.05
1.86
34
a
Foliar disease severity ranking based on the visual scale of 1 to 6: 1 = asymptomatic
plant, 2 = mild chlorosis on lower leaves; 3 = progression of chlorosis and appearance of
necrotic spots; 4 = expansion of necrosis and “crinkling” of leaves; 5 = onset of wilt, leaf
roll, and defoliation; and 6 = plant death.
b
Taproot disease severity is based on percent stroma colonization on the taproot and
secondary roots.
c
Virulence assessment is based on the extent of foliar and taproot severity.
d
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
e
Non-treated check.
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Figure 2.11 Soybean root system of the non-inoculated check (left) and inoculated with
Xylaria sp. isolate, Lamar 1 (right).
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Table 2.11 Experiment 2. The effect of Xylaria sp. isolates on soybean plant height and
fresh and dry weights following 12 weeks in the greenhouse.
Xylaria sp. isolates Height (cm) Shoot fresh weight (g) Shoot dry weight (g)
Clay
16.1 abca
6.5 b-f
1.5
Covington
12.7 b-e
5.4 b-f
1.3
Forrest
15.5 abc
7.0 b-f
1.4
Franklin
12.5 b-e
6.8 b-f
1.5
George 1
11.5 b-f
3.7 c-f
1.1
George 2
16.8 ab
15.8 a
2.8
George 3
14.9 abc
8.9 b-e
2.0
Hinds
11.0 c-f
6.2 b-f
1.3
Jackson
11.6 b-f
3.1 c-f
1.0
Lafayette
19.3 a
11.1 ab
2.1
Lamar 1
11.0 c-f
2.4 ef
0.7
Lamar 2
11.1 c-f
3.6 c-f
0.9
Lee
10.8 c-f
2.6 def
0.9
Leflore
8.2 ef
2.6 def
0.7
Monroe 1
6.9 f
0.6 f
0.2
Monroe 2
15.9 abc
9.7 abc
2.2
Noxubee
14.0 a-d
6.4 b-f
1.4
Panola
9.3 def
3.6 c-f
0.9
Pearl River
14.3 a-d
6.0 b-f
1.2
Perry
13.2 b-e
9.6 abc
1.6
Tallahatchie
17.1 ab
8.5 b-e
1.8
Yalobusha 1
14.2 a-d
8.8 b-e
1.9
Yalobusha 2
15.9 abc
11.9 ab
2.5
Yazoo
12.2 b-f
5.3 b-f
1.4
Checkc
15.9 abc
9.3 a-d
1.9
LSD P=0.05
5.6
6.7
NSb
a
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Not significant.
c
Non-treated check.
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Experiment 3
Of the Xylaria sp. inoculated soybean plants, 67% displayed symptoms of
interveinal chlorosis, necrotic spots, and crinkling of leaves. The remaining soybean
plants were asymptomatic or exhibited general chlorosis progressing to mild interveinal
chlorosis. Xylaria sp. isolates, Forrest and Pearl River had no effect or induced mild
foliar symptoms of TRD. Clay, George 2, Jackson, Lafayette, Lamar 1, Panola,
Yalobusha 1, Yalobusha 2, and Yazoo induced foliar symptoms similar to Covington and
Leflore, but not to the extent of onset wilt, leaf roll, defoliation, and even plant death
(Table 2.12).
The roots of soybean plants inoculated with Xylaria sp. exhibited 13 to 67%
stroma colonization. Taproot disease severity was ≥ 25% on the majority of soybean
plants. However, plants inoculated with Xylaria sp. isolate Yalobusha 2 had significantly
greater stroma colonization on the taproot (Table 2.12). Clay, Covington, Franklin,
Jackson, Lamar 1, and Leflore Xylaria sp. isolates also produced stroma on soybean roots
similar to Yalobusha 2. Soybean plants inoculated with Xylaria sp. isolates, Forrest, Lee,
Pearl River, and Yalobusha 1, had significantly and numerically reduced taproot disease
severity.
A positive correlation (coefficient = 0.63) between foliar disease severity and
taproot disease severity was significant (P < 0.0001). Soybean plants inoculated with
Forrest, Lee, and Pearl River averaged 13 to 20% stroma colonization on tap and
secondary roots, but only induced chlorosis and mild interveinal chlorosis on the lower
leaves. Taproot disease severity for Xylaria sp. isolates, Lamar 1 and Yalobusha 2 were
61 and 67%, respectively, resulting in foliar symptoms of interveinal chlorosis with the
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expansion of necrosis, leaf crinkling, onset of wilt, leaf roll, and defoliation. Those
Xylaria sp. isolates identified as highly virulent originated from Clay, Covington,
Jackson, Lamar, Leflore, and Yalobusha counties (Table 2.12). The remaining 18
Xylaria sp. isolates were classified as having moderate virulence to soybean.
All 24 Xylaria sp. isolates significantly affected soybean height (P = 0.03). No
differences in shoot fresh or dry weights were observed (P = 0.83 and 0.82, respectively).
Soybean height ranged from 13.3 to 23.7 cm (Table 2.13). Soybean plants inoculated
with Xylaria sp. isolate, Jackson, had numerically short plants; however, soybean plants
inoculated with several other Xylaria sp. isolates were similar including Clay, Covington,
Franklin, George 1, George 2, George 3, Lamar 1, Leflore, Noxubee, Panola, Perry,
Yalobusha 1, and Yalobusha 2. Soybean plants inoculated with Xylaria sp. isolate,
Jackson had numerically reduced shoot fresh and dry weights than all other inoculated
soybean plants.
Significant differences (P=0.03) were observed among soybean plants inoculated
with Xylaria sp. isolates with respect to root length and surface area (Table 2.14).
Despite being similar to the majority of soybeans inoculated with Xylaria sp. isolates,
root length was lowest for soybean plants inoculated with Lamar 1 and Leflore which
resulted in the lowest total root surface area. In contrast, soybean plants inoculated with
Xylaria sp. isolate, Monroe 2, produced the longest roots which resulted in the greatest
total root surface area. Thirteen other Xylaria sp. isolates had root length and total root
surface area similar to the Monroe 2 isolate (Table 2.14).
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Taproot disease incidence
Incidence measures the number (n=27) of soybean taproots colonized with
stroma produced by Xylaria sp. isolates. All isolates produced stroma on soybean (71 to
100%) in greenhouse pathogenicity experiments 1, 2, and 3. Xylaria sp. isolates Forrest,
George 3, Hinds, and Noxubee had numerically low disease incidence. In contrast,
Xylaria sp. isolates Panola and Yazoo had the greatest disease incidence (Table 2.15).
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Table 2.12 Experiment 3. The effect of Xylaria sp. isolates on foliar and taproot disease
severity and virulence assessment on soybean grown 12 weeks in the
greenhouse.
Foliar severity
Taproot disease
Xylaria sp. isolates
rankinga
severity (%)b
Virulencec
Clay
4.13 a-ed
50 a-d
High
Covington
4.78 ab
59 abc
High
1414141414
Forrest
1.33 hi
20 fg
Moderate
Franklin
2.86 c-h
44 a-f
Moderate
George 1
2.00 ghi
38 b-g
Moderate
George 2
4.17 a-e
35 b-g
Moderate
George 3
3.00 c-h
15 g
Moderate
Hinds
2.00 ghi
31 d-g
Moderate
Jackson
4.50 abc
46 a-e
High
Lafayette
3.33 b-g
22 efg
Moderate
Lamar 1
4.00 a-f
61 ab
High
Lamar 2
3.13 b-g
43 b-f
Moderate
Lee
2.43 e-i
13 g
Moderate
Leflore
5.2 a
50 a-d
High
Monroe 1
2.56 d-i
27 d-g
Moderate
Monroe 2
2.22 ghi
17 fg
Moderate
Noxubee
2.33 f-i
24 efg
Moderate
Panola
4.22 a-d
31 d-g
Moderate
Pearl River
1.89 ghi
17 fg
Moderate
Perry
2.22 ghi
34 c-g
Moderate
Tallahatchie
2.67 d-i
25 d-g
Moderate
Yalobusha 1
3.11 a-e
13 g
Moderate
Yalobusha 2
4.50 abc
67 a
High
Yazoo
3.25 b-g
36 b-g
Moderate
Checke
1.00 i
0h
LSD P=0.05
1.77
26
a
Foliar disease severity ranking based on the visual scale of 1 to 6: 1 = asymptomatic
plant, 2 = mild chlorosis on lower leaves; 3 = progression of chlorosis and appearance of
necrotic spots; 4 = expansion of necrosis and “crinkling” of leaves; 5 = onset of wilt, leaf
roll, and defoliation; and 6 = plant death.
b
Taproot disease severity is based on percent stroma colonization on the taproot and
secondary roots.
c
Virulence assessment is based on the extent of foliar and taproot severity.
d
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
e
Non-treated check.
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Table 2.13 Experiment 3. The effect of Xylaria sp. isolates on soybean plant height and
fresh and dry weights following 12 weeks in the greenhouse.
Xylaria sp. isolates Height (cm) Shoot fresh weight (g) Shoot dry weight (g)
Clay
13.5 fga
8.3
1.8
Covington
13.9 efg
6.6
1.6
1414141414
Forrest
20.9 a-d
12.8
2.5
Franklin
17.3 a-g
9.4
1.7
George 1
18.6 a-g
10.7
2.4
George 2
17.2 b-g
10.0
2.3
George 3
16.8 b-g
12.1
2.5
Hinds
22.0 abc
12.3
2.5
Jackson
13.3 g
5.4
1.4
Lafayette
19.8 a-f
12.4
2.7
Lamar 1
16.5 b-g
12.0
2.4
Lamar 2
21.0 a-d
13.7
2.9
Lee
22.9 ab
15.4
3.2
Leflore
14.3 efg
6.5
1.9
Monroe 1
21.8 abc
13.9
3.0
Monroe 2
23.7 a
12.7
2.5
Noxubee
18.9 a-g
13.7
2.6
Panola
15.0 d-g
8.2
1.7
Pearl River
20.3 a-e
12.6
2.7
Perry
17.8 a-g
12.0
2.7
Tallahatchie
21.1 a-d
11.3
2.5
Yalobusha 1
19.7 a-g
15.5
3.3
Yalobusha 2
16.2 c-g
10.3
2.0
Yazoo
20.0 a-e
13.1
2.9
Check
20.1 a-e
13.4
2.7
b
LSD P=0.05
6.4
NS
NS
a
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Not significant.
c
Non-treated check.
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Table 2.14 Experiment 3. The effect of Xylaria sp. isolates on soybean root length and
root surface area following 12 weeks in the greenhouse.
Xylaria sp. isolates
Root length (cm)
Total root surface area (cm2)
Clay
318 c-ga
59 b-f
Covington
203 c-g
31 def
Forrest
604 a-g
104 a-f
Franklin
716 a-e
124 a-e
George 1
596 a-g
108 a-f
George 2
158 d-g
22 ef
George 3
650 a-f
104 a-f
Hinds
337 c-g
26 b-f
Jackson
139 efg
16 ef
Lafayette
580 a-g
108 a-f
Lamar 1
39 g
4f
Lamar 2
268 c-g
42 c-f
Lee
572 a-g
90 a-f
Leflore
68 fg
9f
Monroe 1
725 a-e
153 abc
Monroe 2
943 ab
159 ab
Noxubee
470 b-g
87 a-f
Panola
218 c-g
40 c-f
Pearl River
775 abc
141 a-d
Perry
735 a-d
142 a-d
Tallahatchie
352 b-g
52 b-f
Yalobusha 1
412 b-g
69 b-f
Yalobusha 2
472 b-g
65 b-f
Yazoo
304 c-g
56 b-f
Checkb
1,108 a
191 a
LSD P=0.05
594
114
a
Means (n=9) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Non-treated check.
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Table 2.15 The effect of Xylaria sp. isolates colonizing soybean roots in the form of
stroma following 12 weeks in the greenhouse.
Xylaria sp. isolates
Disease incidence (%)a
Clay
78 bc
Covington
94 ab
Forrest
74 c
Franklin
79 bc
George 1
79 bc
George 2
78 bc
George 3
74 c
Hinds
71 c
Jackson
89 abc
Lafayette
94 ab
Lamar 1
89 abc
Lamar 2
79 bc
Lee
83 abc
Leflore
94 ab
Monroe 1
83 abc
Monroe 2
79 bc
Noxubee
74 c
Panola
100 a
Pearl River
85 abc
Perry
89 abc
Tallahatchie
89 abc
Yalobusha 1
89 abc
Yalobusha 2
82 abc
Yazoo
100 a
Checkb
0d
LSD P=0.05
20
a
Means (n=27) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Non-treated check.
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Host range
The oak acorns require stratification prior to planting by placing in moist, cold
sand for 4 to 8 weeks. The oaks in this study were not checked for viability or stratified;
therefore they did not germinate and will not be presented. There was no significant
isolate by experiment interaction for all hosts with respect to plant height, shoot fresh and
dry weights, root weight, and disease incidence; therefore, data were pooled. All hosts
had no isolate by experiment interaction with the exception of wheat for disease severity;
therefore, the data were pooled for hosts with no significant interaction. Wheat disease
severity is presented separately for each experiment. Herein, disease severity refers to
the extent of stroma colonization on the root system, while incidence represents the
number of plants whose roots were colonized by Xylaria sp. isolates.
Wheat plants inoculated with Xylaria sp. exhibited root disease severity on a
range of 0.9 to 13%. There were significant differences among Xylaria sp. isolates with
respect to disease severity on wheat roots in experiments 1 and 2. The Xylaria sp. isolate,
Covington, induced the greatest disease severity in experiments 1 and 2. Disease severity
of wheat roots inoculated with George 3 and Tallahatchie were similar to the noninoculated roots. In experiment 1, the Lamar 1 isolate was similar to the Covington
isolate. In experiment 2, roots inoculated with Xylaria sp. isolates, George 3 and Leflore,
had similar disease severity as Covington. Disease severity on wheat roots in experiment
3 was similar among Xylaria sp. isolates with stroma colonization ranging from 1.2 to
5.2% on inoculated wheat plants (Table 2.16; Fig. 2.12).
Overall, Xylaria sp. produced stroma on all inoculated hosts. Wheat and corn
resulted in the lowest root disease incidence (≤ 50%). Disease incidence of cotton and
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rice was ≤ 66%; however, rice was not significantly different from corn. Sorghum and
peanut resulted in the greatest root disease incidence and were similar to soybean (Table
2.17).
Root disease severity was low across hosts with a range of 6.6 to 16.4%. The
stroma colonization of Xylaria sp. isolates was ≤ 10% of the root system of corn, cotton,
and rice plants (Figs. 2.13, 2.14, and 2.15). Sorghum, peanut, and soybean resulted in
root disease severity ≥ 12%; however, peanut and soybean had significantly greater
stroma colonization, by Xylaria sp. isolates, than sorghum (Figs. 2.16, 2.17 and 2.18).
Peanut was the only host that was statistically similar to soybean for both disease
incidence and severity. With respect to plant height, shoot fresh and dry weights, and
root fresh weight, there were no significant differences among hosts inoculated with
Xylaria sp. and the non-inoculated check (Table A.3).

Table 2.16 The effect of Xylaria sp. isolates on disease severity of wheat roots after 10
weeks for three greenhouse experiments.
Disease severity (%)
Xylaria sp
Exp 1
Exp 2
Exp 3
a
Covington
6.9 a
13.0 a
3.5
George 3
0.9 c
12.1 ab
5.2
Lamar 1
6.4 ab
3.0 c
2.6
Leflore
2.6 bc
12.1 ab
1.2
Tallahatchie
0.9 c
9.5 b
4.6
b
Check
0.0 c
0.0 d
0.0
LSD P=0.05
4.3
2.9
NS
a
Means (n=15) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Non-treated check.
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Figure 2.12 The roots of a wheat plant colonized with stroma produced Xylaria sp. after
10 weeks in the greenhouse.

Table 2.17 The effect of Xylaria sp. on root disease incidence and severity of corn,
cotton, rice, sorghum, wheat, peanut, and soybean after 10 weeks in the
greenhouse.
Hosts
Disease incidence (%)
Disease severity (%)
a
Corn
49.8 cd
6.6 d
Cotton
65.8 b
9.4 c
Rice
56.4 bc
7.8 cd
Sorghum
85.9 a
12.4 b
Wheat
42.9 d
–
Peanut
85.9 a
15.7 a
Soybean
79.3 a
16.4 a
LSD P=0.05
12.5
1.8
a
Means within columns followed by the same letter are not significantly different based
on Fisher’s protected least significant difference (α=0.05).
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Figure 2.13 The roots of a corn plant inoculated with Xylaria sp. after 10 weeks in the
greenhouse. The arrow indicates the area of stroma colonization.
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Figure 2.14 The taproot of a cotton plant colonized with stroma produced by Xylaria sp.
after 10 weeks in the greenhouse.
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Figure 2.15 The roots of a rice plant colonized with stroma of Xylaria sp. after 10 weeks
in the greenhouse. The arrow indicates a root totally colonized with stroma
produced by Xylaria sp.
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Figure 2.16 The roots of a sorghum plant colonized with stroma produced by Xylaria sp.
after 10 weeks in the greenhouse. The arrow indicates a root colonized with
stroma.
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Figure 2.17 The taproot of a peanut plant colonized with stroma produced by Xylaria sp.
after 10 weeks in the greenhouse. The arrow indicates the area of stroma
colonization.
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Figure 2.18 The taproot of a soybean plant colonized with stroma produced by Xylaria sp.
after 10 weeks in the greenhouse.

In vitro pathogenicity
There was no significant isolate by experiment interaction; therefore, the data
were pooled. Germination of corn, cotton, and soybean seed was significantly different
when inoculated with Xylaria sp. isolates. Soybean seed germination was significantly
reduced when compared to corn and cotton seed (Table 2.18). Soybean seed inoculated
with Xylaria sp. isolates, Covington, Lamar 1, and Leflore significantly inhibited
germination compared to the non-inoculated check (Table 2.19). All Xylaria sp. isolates
colonized seed of corn, cotton, and soybean. Fungal colonization of Xylaria sp. isolates
ranged from 93.3 to 100%, and all were similar when colonizing corn, cotton, and
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soybean seed (Table 2.20). Seven weeks following the evaluation of in vitro assays,
stroma colonization was observed on corn, cotton, and soybean seed (Figs. 2.19, 2.20,
and 2.21).

Table 2.18 The effect of Xylaria sp. isolates on seed germination and colonization of
corn, cotton, and soybean incubated on water agar at 26°C in the dark for 5
days.
Host
Germination (%)
Colonization (%)
a
Corn
87.6 a
99.6
Cotton
93.3 a
98.2
Soybean
71.1 b
96.0
LSD P=0.05
7.1
–
a
Means (n=15) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).

Table 2.19 Seed germination of corn, cotton, and soybean when inoculated with Xylaria
sp. isolates and incubated on water agar at 26°C in the dark for 5 days.
Germination (%)
Xylaria sp.
Corn
Cotton
Soybean
Covington
86.7
95.6
64.4 ca
George 3
86.7
88.9
75.6 bc
Lamar 1
86.7
95.6
66.7 bc
Leflore
86.7
86.7
64.4 bc
Tallahatchie
91.1
100.0
84.4 ab
Checkb
93.3
93.3
93.3 a
LSD P=0.05
–
–
23.2
a
Means (n=15) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Non-inoculated check.
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Table 2.20 The effect of Xylaria sp. isolate colonization on corn, cotton, and soybean
seed incubated on water agar at 26°C in the dark for 5 days.
Colonization (%)
Xylaria sp.
Corn
Cotton
Soybean
Covington
97.8 aa
100.0 a
100.0 a
George 3
100.0 a
95.6 a
93.3 a
Lamar 1
100.0 a
95.6 a
93.3 a
Leflore
100.0 a
100.0 a
93.3 a
Tallahatchie
100.0 a
100.0 a
100.0 a
Checkb
0.0 b
0.0 b
0.0 b
LSD P=0.05
3.2
6.0
10.7
a
Means (n=15) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
b
Non-inoculated check.
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Figure 2.19 The formation of stroma, produced by Xylaria sp. isolate Leflore, on corn
seedlings after incubating on water agar eight weeks in the dark at 26°C.
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Figure 2.20 The formation of stroma, produced by Xylaria sp. isolate Lamar 1, on cotton
seedlings after incubating on water agar eight weeks in the dark at 26°C.
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Figure 2.21 The formation of stroma, produced by Xylaria sp. isolate George 3, on
soybean seedlings after incubating on water agar eight weeks in the dark at
26°C.

Fungicide assays
Xylaria sp. isolates were evaluated separately with respect to each ai (Table
2.21). All Xylaria sp. isolates were sensitive to thiophanate-methyl with 0% relative
growth at 100 µg/ml and a range of EC50 values from 0.24 to 0.40 µg/ml with George 3
being less sensitive (Table 2.21; Figs. 2.22 and 2.23). Thiophanate-methyl exhibited
fungistatic properties based on the uninhibited growth of these isolates when hyphal
plugs, inhibited at 100 µg/ml thiophanate-methyl, were transferred to non-amended PDA
(Fig. 2.24). The three Xylaria sp. isolates were not sensitive to pyracolstrobin,
pyracolstrobin + SHAM, fluxapyroxad, flutriafol, or prothioconazole (Table 2.21).
SHAM had an inhibitory effect on Xylaria sp. colony growth; therefore, results from the
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pyraclostrobin + SHAM assay will represent the test for QoI sensitivity. The range of
relative growth at 100 µg/ml for Xylaria sp. isolates exposed to pyracolstrobin + SHAMamended media was 64 to 90% resulting in an EC50 value of >100 µg/ml (Table 2.21;
Figs. 2.25 and 2.26). Xylaria sp. isolates exposed to fluxapyroxad-amended PDA
exhibited relative growth ranging from 83 to 89% and EC50 values >100 µg/ml (Table
2.21; Figs. 2.27 and 2.28). The relative growth of Xylaria sp. isolates when exposed to
flutriafol-amended PDA ranged from 91 to 103% resulting in EC50 values >100 µg/ml
(Table 2.21; Figs. 2.29 and 2.30). Similarly, Xylaria sp. isolates exposed to
prothioconazole-amended PDA had a range of relative growth from 41 to 68% with EC50
values >100 µg/ml (Table 2.21; Figs. 2.31 and 2.32).

Table 2.21 The effective concentration to inhibit colony growth by 50%, EC50 (µg/ml),
of each Xylaria sp. isolate when exposed to thiophanate-methyl,
pyraclostrobin + SHAM, fluxapyroxad, flutriafol, and prothioconazole at
26°C for 10 days in the dark.
EC50 values
Xylaria sp.

Thiophanate
-methyla

Pyraclostrobin
+ SHAM

b

Fluxapyroxad

Flutriafol

Prothioconazole

Covington
0.24 bc
> 100
> 100
> 100
> 100
George 3
0.40 a
> 100
> 100
> 100
> 100
Tallahatchie 0.30 ab
> 100
> 100
> 100
> 100
LSD P=0.05 0.12
–
–
–
–
a
Fungicide concentrations: 0.0001, 0.001, 0.01. 0.1, 1, 10, and 100 µg/ml.
b
Means (n=15) within columns followed by the same letter are not significantly different
based on Fisher’s protected least significant difference (α=0.05).
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Figure 2.22 Xylaria sp. isolate, Tallahatchie, exposed to thiophante-methyl-amended
media at concentrations ranging from 0 (upper left) to 100 (lower right)
µg/ml following a 10 day incubation period at 26°C in the dark.
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Figure 2.23 The dose response of Xylaria sp. isolates exposed to concentrations of
thiophante-methyl following a 10 day incubation period at 26°C in the dark.
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Figure 2.24 The fungistatic property of thiophanate-methyl (TM). A 6 mm hyphal plug
of Xylaria sp. isolate, Tallahatchie, was transferred from a TM-amended petri
plate (100 µg/ml) to non-amended potato dextrose agar and incubated for 5
days at 26°C in the dark.
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Figure 2.25 Xylaria sp. isolate, Covington, exposed to pyraclostrobin + SHAM-amended
media at concentrations ranging from 0 (upper left) to 100 (lower right)
µg/ml following a 10 day incubation period at 26°C in the dark.
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Figure 2.26 The dose response of Xylaria sp. isolates exposed to concentrations of
pyraclostrobin + SHAM following a 10 day incubation period at 26°C in the
dark.
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Figure 2.27 Xylaria sp. isolate, Tallahatchie, exposed to fluxapyroxad-amended media at
concentrations ranging from 0 (upper left) to 100 (lower right) µg/ml
following a 10 day incubation period at 26°C in the dark.
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Figure 2.28 The dose response of Xylaria sp. isolates exposed to concentrations of
fluxapyroxad following a 10 day incubation period at 26°C in the dark.
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Figure 2.29 Xylaria sp. isolate, Tallahatchie, exposed to flutriafol-amended media at
concentrations ranging from 0 (upper left) to 100 (lower right) µg/ml
following a 10 day incubation period at 26°C in the dark.
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Figure 2.30 The dose response of Xylaria sp. isolates exposed to concentrations of
flutriafol following a 10 day incubation period at 26°C in the dark.
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Figure 2.31 Xylaria sp. isolate, George 3, exposed to prothioconazole-amended media at
concentrations ranging from 0 (upper left) to 100 (lower right) µg/ml
following a 10 day incubation period at 26°C in the dark.
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Figure 2.32 The dose response of Xylaria sp. isolates exposed to concentrations of
prothioconazole following a 10 day incubation period at 26°C in the dark.

85

Discussion
Xylaria Hill: Schrank is a large and ubiquitous genus within Xylariaceae,
with the majority being described as wood-degraders (Hseih et al. 2009). There are
greater than 1,300 species found within the family Xylariaceae, and species within other
genera as well as Xylaria are difficult to classify due to morphological diversity. The
greatest diversity among species is observed in tropical regions; however, even in
temperate climates, new species are continuously identified (Stadler et al. 2013). In the
subtropical climate of the Mid-southern U.S., a novel species of Xylaria was identified
and first reported in 2017 (Allen et al. 2017). To date, TRD has been observed in
Alabama, Arkansas, Louisiana, Mississippi, Missouri, and Tennessee (Allen et al. 2017;
Guyer et al. 2018). Xylaria sp. has been identified as the causal agent of TRD of soybean
which is interesting given the saprophytic history of species within the genus; however,
there are reports of Xylaria spp. causing root and seed rot on species of hardwood trees
(Husbands et al. 2018; Smith 1973). Xylaria sp., the TRD pathogen, produces stromata
on plant debris in soybean fields between growing seasons suggesting that this species of
Xylaria may be a facultative parasite. The disease cycle of other Xylaria spp. is
prolonged, sometimes greater than 10 years before host death. In contrast to the
prolonged disease cycles of Xylaria spp. and their hardwood hosts, the disease cycle of
TRD may extend throughout the reproductive stages of soybean. In terms of disease
cycles, that of TRD is similar to other root rot diseases of soybean such as charcoal rot,
red crown rot, and sudden death syndrome (Hartman et al. 1999).
Xylaria sp. has been observed in the majority of the soybean producing
counties in MS. Isolates of Xylaria sp. are relatively slow growing as it takes 10 to 14
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days for radial colony growth to reach 45 mm on PDA. Stromata, the reproductive
structure referred to as deadman’s fingers, may develop on PDA when the Xylaria sp.
colony is mature, 21 to 28 days. The stromata observed in Xylaria sp. cultures from MS
have not been reproductive in nature. Xylaria spp. have been isolated from seed of
Greenheart and soybean (Husbands et al. 2018; Mengistu and Sinclair 1979). A species
of Xylaria was isolated from soybean seed originating from Ethiopia in 1979; however,
Xylaria sp. has not been isolated from seed of soybean symptomatic for TRD (Mengistu
and Sinclair, 1979). Xylaria sp. colonized soybean seed and has the potential to inhibit
germination as observed in the in vitro pathogenicity assay. Those results indicate that
Xylaria sp. colonizes seed and emerging seedlings within 10 days, and produce stroma at
8 weeks.
The 24 Xylaria sp. isolates collected from MS soybean production in 2016
and evaluated, produced stroma on soybean root systems causing minimal symptoms of
mild foliar chlorosis. Research by Garcia-Aroca et al. (2018) suggests that the foliar
symptoms associated with TRD may be caused by systemic secondary metabolites
produced by Xylaria sp. that are transported from the roots to leaves. Significant
differences were observed among Xylaria sp. isolates with respect to virulence, and they
were classified as low, moderate, or high based on their performance in the pathogenicity
studies. Soybean plants inoculated with Xylaria sp. isolate, Forrest, were either
asymptomatic or exhibited mild chlorosis; however, when examining the roots there was
evidence of stroma colonization. Even though the Forrest isolate was weakly virulent
and weakly aggressive, it still had the capability to produce stroma on the taproot within
12 weeks. The Covington, Lamar 1, and Leflore isolates of Xylaria sp. were considered
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highly virulent based on foliar and taproot disease severity; however, these isolates were
not the most aggressive. Isolates, Covington, Lamar 1, and Leflore, severely colonized
the soybean taproot causing severe foliar symptoms and sometimes resulting in plant
death. The current study showed a significant positive correlation between stroma
colonization and foliar symptoms. Despite these Xylaria sp. isolates being highly
pathogenic they were relatively less aggressive in culture. Some Xylaria sp. isolates were
classified as highly virulent in one experiment, but moderate in another. For example,
the Yalobusha 2 isolate was classified as virulent, moderate, and weak in the three
pathogenicity experiments; however, Yalobusha 2 was the most aggressive isolate in
culture. This may be due to the variability that is characteristic of Xylaria as a genus
even within the same species (Lee at al. 2000). Soybean plants inoculated with Xylaria
sp. isolates, Lamar 1 and Leflore, resulted in reduced root length and total root surface
area in turn causing reduced plant height and shoot fresh and dry weights. These results
are indicative of stunting observed in soybean plants symptomatic for TRD.
The Xylaria sp. isolates evaluated in the pathogenicity study behaved
differently among experiments resulting in differences of foliar and root disease severity.
In Experiment 1, the majority of soybean plants were asymptomatic or exhibited mild
chlorosis. This may be attributed to the observational warm, dry soil conditions at the
time of germination which favored soybean growth and development. The ambient
greenhouse temperature was 24°C; however, the supplemental lights emitted heat which
accelerated soil desiccation despite watering twice daily. To remediate soil dryness,
saucers were placed beneath pots to maintain soil moisture. Despite adequate soil
moisture, soybean germination was delayed in experiments 2 and 3 which may have been
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attributed to a reduction in the greenhouse temperature at night. Due to the inconsistent
environment in the greenhouse, a serendipitous observation was made. The cool, moist
soil conditions may be more favorable for Xylaria sp. than soybean based on the severe
foliar and taproot symptoms observed in experiments 2 and 3. Observations made during
the optimal growth temperature, pathogenicity, and in vitro pathogenicity studies may
suggest that in early planting situations, when temperatures are unfavorable for soybean
germination, Xylaria sp. has the potential to colonize and infect soybean seed while they
remain inactive in the soil. This may indicate when soybean seed are planted early, they
may be more susceptible to Xylaria sp. infection. In 2017, MS experienced a cool, wet
spring and TRD was widely distributed throughout the state.
There is little information available on effective management practices for
TRD in soybean. Crop rotation is believed to reduce Xylaria sp. inoculum in the soil.
However, the results of the host range study showed that Xylaria sp. has the potential to
colonize six additional plant hosts that are commonly grown in the mid-south in rotation
with or conjoining fields of soybean. Xylaria sp. was able to produce stroma on the roots
of each host with peanut roots having the greatest severity when compared to the other
hosts, and was the only host to be similar to soybean for both root disease incidence and
severity. Xylaria sp. from was isolated from cotton roots and confirmed through ITSsequencing based on 98% similarity to the MSU Xylaria sp. isolate (GenBank Accession
No. KY433853). Even if Xylaria sp. isolates do not cause disease in these hosts, the
ability to produce stroma on the roots contributes to the build-up of soil inoculum;
therefore, crop rotation may not be an effective management practice for TRD. The
ability of Xylaria sp. to colonize six additional agronomic hosts may explain why there
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have been more observations of widespread distribution of TRD in the field rather than
localized areas of symptomatic plants. Based on this study, crop rotation with, corn,
cotton, rice, sorghum, or wheat, may not be an effective management practice in fields
with a history of TRD.
Soybeans symptomatic for TRD are most often observed in fields that
practice no-till and monoculture of soybean; therefore, tillage is currently believed to be
an option for managing TRD by reducing or breaking up soil inoculum. The current
trend of precision agriculture, is to plant soybean seed directly into the infested soybean
stubble. When the soybean residue is left in the soil, Xylaria sp. produces stromata which
serves as a resting structure.

Stromata of Xylaria sp. may produce conidia according to

Allen et al. (2017); however, asexual reproduction has not been observed in the field or
lab by Mississippi isolates. If reproduction occurs, widespread distribution of TRD
symptomatic soybeans could be due to spore dispersion.
Many fungal diseases can be managed through the proper use of fungicide
programs. Alternating fungicide modes of action is important in order to avoid the
development of resistant populations of fungi. Fungicide resistance is not a new issue
and there is a history of fungicide resistance in MS soybean production as observed with
Cercospera sojina Hara and the QoI fungicides (Standish et al. 2015). Xylaria sp.
isolates were insensitive to four out of the five fungicides tested, which are available as
in-furrow or seed treatments in Mississippi soybean production. Insensitivity of Xylaria
sp. to these fungicides could be a result of years of non-target exposure as it was
misdiagnosed or overlooked prior to 2014. Even though several disease management
strategies have been determined to be non-effective for TRD through this thesis research,
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Purvis et al. (2019) has reported there are several soybean varieties that are resistant to
TRD.
Based on the research in this thesis, Xylaria sp. is pathogenic to MS soybean
though isolates vary in virulence and aggressiveness. The optimal growth temperature
for Xylaria sp. and soybean seed germination are the same, so that initial infection may
happen as the soybean seed is germinating. As the soybean plant grows, Xylaria sp.
infects the tap and secondary roots, colonizes the pith, and subsequently produces stroma
on the outside of the taproot. The use of crop rotation and most fungicides may not be
effective in managing TRD. Currently, the best and only reported management practice
to be effective for TRD is using resistant varieties (Purvis et al. 2019).
In future investigations into this pathosystem, histological studies would be
beneficial in characterizing the infection process of the disease cycle. Soybean seed
produced by symptomatic plants should be screened for Xylaria sp. to determine whether
the pathogen may also be seedborne. The pathogenicity of Xylaria sp. isolates on corn,
cotton, rice, sorghum, wheat, and peanut should be assessed to include variety trials.
Additional Xylaria sp. isolates should be screened for fungicide sensitivity as well as
evaluating sensitivity to additional fungicides. Finally, studies should be conducted to
describe whether tillage would actually be an effective management strategy for TRD.
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APPENDIX A
SUPPLEMENTAL MATERIAL
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Y= -386.65 + 36.31x -0.72x2
R2=0.71
Optimum temperature = 25.4°C

Figure A.1

Colony growth in axenic culture of Xylaria sp. isolate Clay following a 10
day incubation at 18 to 34°C.
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Y= -275.29 + 25.79x -0.47x2
R2=0.67
Optimum temperature = 27.2°C

Figure A.2

Colony growth in axenic culture of Xylaria sp. isolate Covington following
a 10 day incubation at 18 to 34°C.
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2

Y= -305.12 + 27.68x -0.52x
2

R =0.53
Optimum temperature = 26.5°C

Figure A.3

Colony growth in axenic culture of Xylaria sp. isolate Forrest following a
10 day incubation at 18 to 34°C.
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2

Y= -178.31 + 17.77x -0.32x
2

R =0.49
Optimum temperature = 27.9°C

Figure A.4

Colony growth in axenic culture of Xylaria sp. isolate Franklin following a
10 day incubation at 18 to 34°C.
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2

Y= -218.14 + 22.19x -0.42x
2

R =0.45
Optimum temperature = 26.7°C

Figure A.5

Colony growth in axenic culture of Xylaria sp. isolate George 1 following a
10 day incubation at 18 to 34°C.
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2

Y= -278.05 + 27.38x -0.52x
2

R =0.60
Optimum temperature = 26.1°C

Figure A.6

Colony growth in axenic culture of Xylaria sp. isolate George 2 following a
10 day incubation at 18 to 34°C.
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2

Y= -283.38 + 27.68x -0.52x
2

R =0.86
Optimum temperature = 26.4°C

Figure A.7

Colony growth in axenic culture of Xylaria sp. isolate George 3 following a
10 day incubation at 18 to 34°C.
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2

Y= -255.04 + 24.82x -0.48x
2

R =0.30
Optimum temperature = 25.8°C

Figure A.8

Colony growth in axenic culture of Xylaria sp. isolate Hinds following a 10
day incubation at 18 to 34°C.
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2

Y= -413.54 + 36.80x -0.69x
2

R =0.79
Optimum temperature = 26.7°C

Figure A.9

Colony growth in axenic culture of Xylaria sp. isolate Jackson following a
10 day incubation at 18 to 34°C.

105

2

Y= -201.61 + 19.96x -0.36x
2
R =0.47
Optimum temperature = 28.0°C

Figure A.10 Colony growth in axenic culture of Xylaria sp. isolate Lafayette following
a 10 day incubation at 18 to 34°C.
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2

Y= -323.22 + 30.27x -0.57x
2

R =0.60
Optimum temperature = 26.3°C

Figure A.11 Colony growth in axenic culture of Xylaria sp. isolate Lee following a 10
day incubation at 18 to 34°C.
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2

Y= -270.01 + 26.20x -0.49x
2

R =0.61
Optimum temperature = 26.6°C

Figure A.12 Colony growth in axenic culture of Xylaria sp. isolate Leflore following a
10 day incubation at 18 to 34°C.
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2

Y= -354.63 + 33.33x -0.64x
2
R =0.79
Optimum temperature = 26.2°C

Figure A.13 Colony growth in axenic culture of Xylaria sp. isolate Lamar 1 following a
10 day incubation at 18 to 34°C.
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2

Y= -435.66 + 40.93x -0.81x
2

R =0.75
Optimum temperature = 25.3°C

Figure A.14 Colony growth in axenic culture of Xylaria sp. isolate Lamar 2 following a
10 day incubation at 18 to 34°C.
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2

Y= -273.03 + 26.92x -0.51x
2

R =0.86
Optimum temperature = 26.2°C

Figure A.15 Colony growth in axenic culture of Xylaria sp. isolate Monroe 1 following
a 10 day incubation at 18 to 34°C.
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Y= -325.61 + 31.33x -0.61x2
R2=0.80
Optimum temperature = 25.8°C

Figure A.16 Colony growth in axenic culture of Xylaria sp. isolate Monroe 2 following
a 10 day incubation at 18 to 34°C.
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Y= -451.14 + 41.67x -0.82x2
R2=0.77
Optimum temperature = 25.5°C

Figure A.17 Colony growth in axenic culture of Xylaria sp. isolate Noxubee following a
10 day incubation at 18 to 34°C.
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Y= -189.73 + 19.46x -0.36x2
R2=0.50
Optimum temperature = 27.3°C

Figure A.18 Colony growth in axenic culture of Xylaria sp. isolate Panola following a
10 day incubation at 18 to 34°C.

114

Y= -214.83 + 21.81x -0.41x2
R2=0.53
Optimum temperature = 26.9°C

Figure A.19 Colony growth in axenic culture of Xylaria sp. isolate Pearl River
following a 10 day incubation at 18 to 34°C.
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Y= -274.68 + 25.93x -0.47x2
R2=0.82
Optimum temperature = 27.4°C

Figure A.20 Colony growth in axenic culture of Xylaria sp. isolate Perry following a 10
day incubation at 18 to 34°C.
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Y= -243.58 + 23.39x -0.42x2
R2=0.73
Optimum temperature = 27.6°C

Figure A.21 Colony growth in axenic culture of Xylaria sp. isolate Tallahatchie
following a 10 day incubation at 18 to 34°C.
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Y= -217.55 + 22.53x -0.43x2
R2=0.68
Optimum temperature = 26.3°C

Figure A.22 Colony growth in axenic culture of Xylaria sp. isolate Yalabusha 1
following a 10 day incubation at 18 to 34°C.
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Y= -157.89 + 16.95x -0.30x2
R2=0.61
Optimum temperature = 28.0°C

Figure A.23 Colony growth in axenic culture of Xylaria sp. isolate Yalabusha 2
following a 10 day incubation at 18 to 34°C.
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Y= -219.33 + 21.59x -0.39x2
R2=0.57
Optimum temperature = 27.7°C

Figure A.24 Colony growth in axenic culture of Xylaria sp. isolate Yazoo following a
10 day incubation at 18 to 34°C.
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Table A.1

Experiment 1. The effect of Xylaria sp. isolates on soybean root length and
root surface area following 12 weeks in the greenhouse.

Xylaria sp. isolates
Clay
Covington
Forrest
Franklin
George 1
George 2
George 3
Hinds
Jackson
Lafayette
Lamar 1
Lamar 2
Lee
Leflore
Monroe 1
Monroe 2
Noxubee
Panola
Pearl River
Perry
Tallahatchie
Yalobusha 1
Yalobusha 2
Yazoo
Checkb
LSD P=0.05
a
Not significant.
b
Non-treated check.

Root length (cm)
1,860
1,464
1,508
1,845
1,630
2,056
2,115
1,631
1,693
1,367
1,428
2,106
1,847
2,131
2,015
2,242
1,819
2,035
1,688
1,920
1,990
1,536
1,789
1,484
1,913
NSa
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Total root surface area (cm2)
330
262
301
357
306
369
405
268
284
247
271
393
297
420
353
388
313
337
346
326
360
293
305
243
350
NS

Table A.2

Experiment 2. The effect of Xylaria sp. isolates on soybean root length and
root surface area following 12 weeks in the greenhouse.

Xylaria sp. isolates
Clay
Covington
Forrest
Franklin
George 1
George 2
George 3
Hinds
Jackson
Lafayette
Lamar 1
Lamar 2
Lee
Leflore
Monroe 1
Monroe 2
Noxubee
Panola
Pearl River
Perry
Tallahatchie
Yalobusha 1
Yalobusha 2
Yazoo
Checkb
LSD P=0.05
a
Not significant.
b
Non-treated check.

Root length (cm)a
457
404
597
344
176
1,070
471
117
46
313
123
146
45
177
29
848
265
95
378
794
705
119
727
227
551
NSa
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Total root surface area (cm2)
99
68
220
199
122
186
93
240
6
55
38
55
290
27
3
129
42
10
239
117
101
16
118
28
208
NS

Table A.3

Means of plant height, shoot fresh and dry weight, and fresh root weight for
corn, cotton, peanut, rice, sorghum, wheat, and soybean when exposed to
non-infested and Xylaria sp.-infested corn cob grit in host range
greenhouse study.
Plant height
(mm)

Corn
Covington
George 3
Lamar 1
Leflore
Tallahatchie
Checka
Cotton
Covington
George 3
Lamar 1
Leflore
Tallahatchie
Check
Rice
Covington
George 3
Lamar 1
Leflore
Tallahatchie
Check
Sorghum
Covington
George 3
Lamar 1
Leflore
Tallahatchie
Check
Wheat
Covington
George 3
Lamar 1
Leflore
Tallahatchie
Check
Peanut
Covington

Shoot fresh weight
(g)

Shoot dry weight
(g)

Fresh root weight
(g)

53
49
53
54
49
49

19.0
17.0
18.0
19.0
17.0
18.0

5.0
4.0
5.0
5.0
4.0
4.0

2.7
3.1
2.1
2.3
1.9
1.9

24
25
25
23
23
24

5.0
5.0
5.0
5.0
5.0
5.0

2.0
2.0
3.0
2.0
8.0
2.0

0.8
0.8
0.8
0.8
0.8
0.8

23
23
16
15
19
25

2.0
1.0
1.0
1.0
1.0
2.0

0.6
0.6
0.3
0.4
0.5
0.7

0.5
0.5
0.2
0.3
0.4
0.4

46
46
50
53
60
47

6.0
7.0
7.0
8.0
9.0
7.0

2.0
3.0
3.0
3.0
3.0
3.0

0.7
0.9
1.0
1.1
0.9
1.1

12
13
13
12
10
12

0.5
0.4
0.3
0.4
0.6
0.3

0.2
0.1
0.2
0.2
0.1
0.1

0.2
0.3
0.2
0.2
0.2
0.2

11

6.0

2.0

0.3
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Table A.3 (continued)
George 3
Lamar 1
Leflore
Tallahatchie
Check
Soybean
Covington
George 3
Lamar 1
Leflore
Tallahatchie
Check
a
Non-treated check.

15
14
18
15
15

10.0
10.0
9.0
9.0
7.0

3.0
3.0
3.0
3.0
2.0

0.5
0.6
1.2
1.0
0.5

23
23
24
22
21
21

3.0
4.0
4.0
3.0
4.0
4.0

2.0
1.0
2.0
1.0
1.0
2.0

0.5
0.5
0.6
0.5
0.4
0.6
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